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(57) Disclosed are a compound represented by the following formula (I) and pharmacologically acceptable salt and 
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Description 

[BACKGROUND OF THE INVENTION] 
5 Field of the Invention 

[0001 ] The present invention relates to compounds having inhibitory activity against platelet aggregation and a phar- 
maceutical composition, comprising at least one of these compounds as an active ingredient, that is useful for the treat- 
ment and prophylaxis of thrombotic diseases. 

10 

Background Art 

[0002] Cardiovascular diseases are increased along with the change of dietary habits and the increase of advanced 
ages. Almost fifty percent of these diseases may he caused by thrombus. 

is [0003] Platelets in plasma are mainly associated with the formation of thrombus in organisms. For the purpose of the 
treatment and prophylaxis of thrombotic diseases in clinical practice, there have been used medicaments which sup- 
press the functions of platelet and inhibits the aggregation of platelets, for example, aspirin which inhibits cyclooxygen- 
ase, ticlopidine which activates adenylcylase, and ozagrel which inhibit synthetase of thromboxane A 2 . 
[0004] In recent years, glycoproteins on platelet membrane have been progressively analyzed. As a result, it has been 

20 elucidated that the membrane glycoproptein called GPIIb/HIa is a receptor of fibrinogen. This has therefore lead to the 
expectation that a GPIIb/llla antagonist would become an inhibitor of platelet aggregation having a novel action mech- 
anism effectively used for the treatment and prophylaxis of the thrombotic diseases (Trends in Pharmacological Sci- 
ence, vol. 13, p.41 3 (1992)). 

[0005] Compounds as the GPIIb/llla antagonist include, for example, monoclonal antibodies (Ann. New York Acad. 

25 Sci., vol. 614, p. 193 (1991)), tripeptide derivatives comprising arginine-glycine-aspartic acid (J. Med. Chem., vol. 35, 
p. 2040 (1992)); amidinophenyl derivatives (J. Med. Chem., vol. 35, p. 4393 (1992)); Japanese Patent Laid-Open Nos. 
264068/1992 and 334351/1992, EP 483667, EP 502536, EP 525629, EP 529858, EP 537980, WO 9307867, WO 
9402472 and the like), tyrosine derivatives (J. Med. Chem., vol. 35, p. 4640 (1992)), and piperidine derivatives (EP 
512831, EP 540334, EP 578535 and the like). The present inventors also have found effective compounds in WO 

30 9421 599 and WO 9602503. 

[0006] On the other hand, thromboxane A 2 (TXA 2 ) is one of metabolites of arachidonic acid and has physiological 
activities, such as platelet aggregation and vascular smooth muscle contraction activity. It is known that production of 
an excessive amount of TXA 2 within the body causes platelet aggregation activity, vascular occlusion, vasospasm, 
bronchoconstriction or the like, which is causative of the crisis of angina pectoris, cardiac infarction, cerebral infarction, 

35 bronchial asthma or the like. Therefore, an inhibitor against TXA 2 synthetase can be expected to be useful as a prophy- 
lactic or therapeutic agent for the angina pectoris, cardiac infarction, cerebral infarction, bronchial asthma and the like. 
[0007] Conventional compounds having inhibitory activity against TXA 2 synthetase include, for example, compounds, 
such as ozagrel (The Merck Index, 11th edition, 6935) and Dazoxibene (Drug of the Future, vol. 6, 693 (1981), and pyri- 
dine derivatives (Japanese Patent Laid-Open Nos. 28963/1985. 100555/1985, 87570/1987, and 179425/1995). 

40 [0008] Development of a medicament free from side effects, such as hemorrhage and having highly selective function 
as a therapeutic or prophylactic agent for thrombotic diseases has been desired in the art. Use of an GPIIb/llla antag- 
onistic agent suffices for the inhibitory activity against platelet aggregation only. The GPIIb/llla antagonistic agent, how- 
ever, is not potent against vascular lesions, such as vasospasm. 

45 [SUMMARY OF THE INVENTION] 

[0009] The present inventors have attempted to solve the above problem by combining the GPIIb/llla antagonism and 
inhibitory activity against TXA 2 synthetase. 

[001 0] The present inventors have made various studies and as a result have found compounds having a combination 
so of GPIIb/llla antagonism with inhibitory activity against TXA 2 synthetase. Accordingly, an object of the present invention 
is to provide a novel compound having inhibitory activity against platelet aggregation. 

[001 1 ] Another object of the present invention is to provide a pharmaceutical composition comprising the novel com- 
pound having inhibitory activity against platelet aggregation. 

[001 2] Still another object of the present invention is to provide a method for the treatment or prophylaxis of thrombotic 
55 diseases, comprising the step of administering the novel compound having inhibitory activity against platelet aggrega- 
tion. 

[0013] A further object of the present invention is to provide use of the novel compound having inhibitory activity 
against platelet aggregation for the production of a pharmaceutical composition for the treatment or prophylaxis of 
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thrombotic 



A-B-CH 2 — D— 



(F)p 
(I) 



wherein 



A represents the following formula (II). (Ill), or (IV): 



G-H 



R3 ' K 



(") (III) 

U ' (IV) 



wherein 



35 R 3 represents 

a hydrogen atom, 



ogen atom. anZ C^ZtS^r? * W a ha,- 

R 4 represents amidino or amirx>me%? a,ky,am,no ' ""^ alkoxycarbonyl, or halo lower alkyl 

^■^S^^^ j Z m - CR5= - - CRSR6 -- " N - - NR5 "- -O-. * -(CO)- or 

so imidazolyl lower alkyl; represents pyndyloxy, pyridyl, pyridyl lower alkyl. imidazolyl or 

F represents group -Z-rCH^COOR* or -CH-CR»00OR» wherein 
55 Z represents -O- or a bond 

q is an integer of 1 to 4; and 
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p is 1 or 2. 

[0015] The compound represented by the formula (I) according to the present invention can provide a platelet aggre- 
gation inhibitor that possesses excellent inhibitory activity against platelet aggregation, is free from hemorrhage and 
5 other side effects such as those derived from selectivity for the inhibitory action, and is potent against vasculature 
lesions, such as vasospasm. 

[DETAILED DESCRIPTION OF THE INVENTION] 

io Compound of formula (|) 

[0016] As used herein, the term "lower alky!" as a group or a part of a group means straight-chain or branched alkyl 
having 1 to 6 carbon atoms, preferably 1 to 4 carbon atoms. The term "halogen atom" used herein means a fluorine, 
chlorine, bromine, or iodine atom. Further, the term "haloalkyl" means alkyl in which one or more hydrogen atoms are 

15 substituted by a halogen atom. 

[001 7] In the formulae (II) and (III), R 1 and R 2 represent a hydrogen atom or lower alkyl. One or more hydrogen atoms 
of the lower alkyl may be substituted, and specific examples of substituents usable herein include a hydroxyl group, a 
halogen atom (preferably a chlorine, bromine, or fluorine atom), amino, and lower alkylamino (preferably methylamino, 
ethylamino, propylamino, dimethylamino, or diethylamino). 

20 [0018] In the formulae (II) and (III), R 3 represents a hydrogen atom, lower alkyl, phenyl, or phenyl lower alkyl. One or 
more hydrogen atoms of the lower alkyl may be substituted by a hydroxyl group, a halogen atom (preferably a chlorine, 
bromine, or fluorine atom), amino, carboxyl, lower alkoxy, lower alkylamino (preferably methylamino, ethylamino, pro- 
pylamino, dimethylamino, or diethylamino), or lower alkoxycarbonyl. One or more hydrogen atoms of phenyl may be 
substituted by a hydroxyl group, a halogen atom (preferably a chlorine, bromine or fluorine atom), amino, carboxyl, 

25 lower alkoxy, lower alkylamino (preferably methylamino, ethylamino, propylamino, dimethylamino, or diethylamino), 
lower alkoxycarbonyl, or halo lower alkyl. Further, one or more hydrogen atoms of phenyl in the phenyl lower alkyl may 
be substituted by a hydroxyl group, a halogen atom (preferably a chlorine, bromine, or fluorine atom), amino, carboxyl, 
lower alkoxy, lower alkylamino (preferably methylamino, ethylamino, propylamino, dimethylamino, or diethylamino), 
lower alkoxycarbonyl, or halo lower alkyl. 

30 [0019] In the formula (IV), R 4 represents amidino or aminomethyl. 

[0020] Preferred examples of groups represented by the formula (II) include those wherein any one of G and J repre- 
sents -NR 5 -, -O-, or -S-, with the other representing a bond, and both H and I represent -CR 5 =. 
[0021 ] Specific examples of groups represented by the formula (I I) include 4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-yl 
or 3-yl, 4,5,6,7-tetrahydrothieno[2,3-c]pyridin-2-yl or 3-yl, 1-methyl-4,5,6,7-tetrahydropyrrolo[3,2-c]pyridin-2-yl or 3-yl. 1- 

35 methyl-4,5,6,7-tetrahydropyrrolo[2, 3-c]pyridin-2-yl or 3-yl, 4,5,6,7-tetrahydrofuro[3,2-c]pyridin-2-yl or 3-yl, and 4,5,6,7- 
tetrahydrofuro[2, 3-c]pyridin-2-yl or 3-yl. 

[0022] Preferred examples of groups represented by the formula (III) include those wherein any one of or both K and 
L represent an oxygen atom. 

[0023] In the formula (I), group B represents group -COCHR 7 - or -CONR 7 -. Preferred examples of lower alkyl repre- 

40 sented by R 7 include methyl, ethyl, n-propyl, iso-propyl. and n-, iso-, sec-, or t-butyl. 

[0024] Y in -CHY- represented by group D and Y in -CI-feY represented by group E each independently represent pyri- 
dyloxy, pyridyl. pyridyl lower alkyl, imidazolyl, or imidazolyl lower alkyl Preferred examples of Y in -CHY- represented by 
D include pyridyloxy (preferably 3-pyridyloxy). pyridyl (preferably 3-pyridyl). pyridylmethyl (preferably 3-pyridylmethyl). 
and imidazolyl (preferably 1 -imidazolyl). Preferred examples of Y in -CH 2 Y represented by group E include pyridyloxy 

45 (preferably 3-pyridyloxy) and imidazolyl (preferably 1 -imidazolyl). 

[0025] In the formula (I), group E represents a hydrogen atom or -CH 2 Y. When group E represents a hydrogen atom, 
the compound, wherein group D represents -(CO)-, is excluded from the compounds of the present invention. Prefera- 
bly, group E is bonded at the 2- or 3-position of phenyl. 

[0026] In the formula (I), group F represents group -Z-(CH 2 )qCOOR 8 or -CH=CR 9 COOR 8 p represents the number 
so of group Fs. This means that when p = 1 , one group F is present on phenyl, while when p = 2, two group Fs are present 
on phenyl. Z represents an oxygen atom or a bond, preferably an oxygen atom, q is an integer of 1 to 4, preferably 1 or 

2. 

[0027] Preferred examples of lower alkyl represented by R 8 and R 9 include methyl, ethyl, n-propyl, iso-propyl, and n- 
, iso-, sec-, or t-butyl. 

55 [0028] R 8 may represent an ester residue removable under physiological conditions, and specific examples thereof 
include pivaloyloxymethyl, 1-(cyclohexyloxycarbonyloxy)ethyl, and (5-methyt-2-oxo-1. 3-dioxol-4-yl)methyl. 
[0029] Preferably, group F is bonded at 4-position of phenyl in the case of p = 1 , while group F is bonded at the 3- and 
4-positions of phenyl in the case of p = 2. 
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[0035] 



53 SSSS^^ 

Protectiveg™^ allyloxycarbonyl. art trrtyl. 
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Process (1) 
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(V) 



group: R is as Peftrep above in «ZZcto£SL t^.. m . T- , *' es « » P™<**e grpep fc, a „ ami™, 
an eeter group ™ e ,n ^a*«on w* the formula (I) and. in ma/ represent a protective gmup for 

the formula (I) is prepared. ' ° T 3 PfD,eCt,Ve group - Thus - 1,16 compound represented by 

55 [0040] 



resented by the formula (!) is obtained ^SS^2SSS!^^7^ 'T ^ ^ C ° mP ° Und rep " 
erabJy 3-pyridyloxy). 9 P represents 9 rou P -CH 2 Y- wherein Y represents pyridyloxy (pref- 
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[0041 ] The compound represented by the formula (I), wherein D represents -CHOH, may be prepared by reducing a 
compound represented by the formula (VI) according to a conventional method. In this case, the reduction may be car- 
ried out, for example, with sodium boron hydride. 

[0042] The compound represented by the formula (V) may be synthesized, for example, from a compound, such as 
5 4'-hydroxy-3 , -methylacetophenone > according to a method described in WO 9421599 and WO 9602503. 

Process (2^ 

[0043] The compound represented by the formula (I), wherein E represents a hydrogen atom, may be synthesized by 
10 a method represented by the following scheme: 



15 




(VII) (VIII) 



wherein A, B, F, and p are as defined above in connection with the formula (I); R 1 and R 4 are as defined above in con- 
25 nection with the formula (I) and, in addition, may represent a protective group for an amino group; R 8 is as defined 
above in connection with the formula (I) and, in addition, may represent a protective group for an ester group. 
[0044] At the outset, a compound represented by the formula (VII) is reduced according to a conventional method to 
give a compound represented by the formula (VIII). Next, the compound represented by the formula (VIII) is subjected 
to the above Mitsunobu's reaction to give the compound represented by the formula (I). More specifically, the Mitsu- 
30 nobu's reaction is carried out by reacting the compound represented by the formula (VIII) with a compound capable of 
providing Y (specifically imidazole or pyridyl alcohol) in a solvent not involved in the reaction (for example, tetrahydro- 
furan, diethyl ether, benzene, or 1 ,4-dioxane) in the copresence of triphenylphosphine and diethyl azodicarboxylate for 
1 0 min to 24 hr, preferably 1 to 12 hr, at 0 to 1 00°C, preferably 20 to 80°C, optionally followed by removal of a protective 
group. Thus, the compound represented by the formula (I) is prepared. 
35 [0045] The compound represented by the formula (I), wherein D represents group -CHY- wherein Y represents imi- 
dazolyl, can be prepared by subjecting the compound represented by the formula (VIII) to Mitsunobu's reaction using 
imidazole carboxylate or imidazole aldehyde as the compound capable of providing Y and optionally conducting dees- 
terification or removal of the aldehyde. 

[0046] Further, the compound represented by the formula (I) may be prepared using 2-amino-2-phenylethanol and 4'- 
40 hydroxyacetophenone as starting compounds according to a method described in EP 683156 or WO 9421599 and 
Chem. Pharm. Bull.. 44, p.1510(1996). 

[0047] The compound represented by the formula (I), wherein D represents group -CHY- wherein Y represents pyridyl 
or pyridylalkyl, can be prepared using 4-bromophenol and 4-hydroxybenzyl cyanide as starting compounds according 
to a method described in Japanese Patent Laid-Open No. 43547/1993 and WO 9421599. 
45 [0048] In the above processes, the sequence of the synthesis is determined so that a side reaction does not take 
place in the functional group not involved in the reaction. Further, it will be apparent to a person having ordinary skill in 
the art that the functional group may be protected by a suitable protective group so that an unfavorable reaction does 
not proceed. 

so Use of the compound of formula (l)/pharmaceutical composition 

[0049] The compound according to the present invention inhibits the aggregation of platelets by inhibiting the binding 
between platelet membrane protein GPIIb/llla and fibrinogen. Further, the compound according to the present invention 
is expected to inhibit the production of TXA 2 by inhibition of TXA 2 synthetase and to inhibit release of. various cytokinins 
55 from platelets and twich of blood vessels. Thus, the compound according to the present invention and a pharmacolog- 
ically acceptable salt thereof are effective in the treatment and prophylaxis of thrombotic disorders caused by the aggre- 
gation of platelets, particularly cerebral infarction, myocardial infarction, angina pectoris or peripheral arterioocclusion. 
[0050] A pharmaceutical composition comprising the compound according to the present invention or a pharmaco- 
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acceptable and non-toxic aSStnS' ^^S^rS"* ° f 3 ™ e afo ™™«°"* 

[Examples] 
Example 1 



[00551 




TFA 



Sn^^ (5 -0. potassium car- 

(^^-A^S^if * • **l «*■. - 3 : 1) I. *» 742 m, W eld: 94.0%) of »« 

2S5gSf (S^ * 2 32 BH * 2 55 «" 1 * 4 M « * 6 69 W * J - 8, Hz), 7.77 W „ 

acetyl^rnomethy^o^Se 35 reduced pressure to *• (4- 

71,88 ^ ~ diSSOh ^ With0Ut P urification in N.N-di me% Hbrmami d e (70 ml). Potassium acetate (7.4 g) 
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was added thereto, and the mixture was stirred at room temperature overnight. Ethyl acetate was added thereto, 
the mixture was washed with water and dried over magnesium sulfate, and the solvent was removed under reduced 
pressure. The residue was purified by column chromatography on silica gel (300 g, n-hexane : ethyl acetate = 3 : 
1) to give 6.02 g (49.3%) of t-butyl (4-acetyl-2-acetoxymethytphenyl)oxyacetate as an oil. 

5 

1 H-NMR (CDCI 3 ) 8: 1 .47 (9H, s). 2.14 (3H, s), 2.57 (3H, s), 4.64 (2H, s), 5.25 (2H, s), 6.78 (1H, d, J = 8.6 Hz), 
7.92 (1 H, dd, J = 2.5. 8.6 Hz), 7.98 (1 H. d, J = 2.5 Hz) 
EIMS (m/z): 322 (M + ) 

10 (c) The compound (6 g) prepared in the above step (b) was dissolved in 1 ,2-dichloroethane (40 ml), triethylamine 
(6.3 ml) was added to the solution, trimethylsilyl trifluoromethanesulfonate (4.54 ml) was added thereto under ice 
cooling, and the mixture was stirred at room temperature for one hr. The reaction solution was concentrated under 
reduced pressure, and dry ether was added to the residue, followed by stirring. The ether layer was obtained by 
decantation. The collection of the ether layer by decantation was repeated three times. The ether layers were com- 

15 bined, and the solvent was removed under reduced pressure. The residue was dissolved in tetrahydrofuran (60 ml), 
N-bromosuccinimide (3.36 g) was added thereto under ice cooling, and the mixture was stirred at room tempera- 
ture for 2 hr. The reaction solution was concentrated, ethyl acetate was added to the concentrate, the mixture was 
washed with an aqueous saturated sodium bicarbonate solution, an aqueous sodium thiosulfate solution, and 
water in that order and then dried over magnesium sulfate, and the solvent was removed under reduced pressure. 

20 The residue was purified by column chromatography on silica gel (250 g, n-hexane : ethyl acetate = 5 : 1-4 : 1) to 
give t-butyl (2-acetoxymethyl-4-bromoacetylphenyl)oxyacetate as an oil. 

The oil was dissolved in N.N-dimethylformamide (50 ml), sodium azide (1.21 g) was dissolved in the solution 
under ice cooling, and the mixture was stirred at room temperature for one hr. Ethyl acetate was added thereto, the 
mixture was washed with water and dried over magnesium sulfate, and the solvent was removed under reduced 

25 pressure. The residue was purified by column chromatography on silica gel (250 g, n-hexane : ethyl acetate = 4 : 
1-2:1) to give 3.5 g (51 .8%) of t-butyl (2-acetoxymethyl-4-azidoacetylphenyl)oxyacetate as an oil. 

1 H-NMR (CDCI3) 8: 1.47 (9H, S), 2.14 (3H, s), 4.52 (2H, s). 4.65 (2H, s), 5.25 (2H, S), 6.80 (1H, d, J = 8.6 Hz), 
7.87 (1 H, dd, J = 2.5, 8.6 Hz), 7.94 (1 H, d, J = 2.5 Hz) 
30 SIMS (m/z): 364 (M + + 1) 

(d) The compound (3.5 g) prepared in the above step (c) was dissolved in a mixed solution composed of ethanol 
(70 ml) and 1 N ethanol hydrochloric acid (9.5 ml), 10%Pd-C (200 mg) was added to the solution, and catalytic 
reduction was carried out at room temperature under atmospheric pressure for 2.5 hr. The catalyst was filtered off 

35 through Celite, the filtrate was concentrated, and dichloromethane (20 ml) was added to the concentrate to prepare 
a solution of t-butyl (2-acetoxym ethyl -4-aminoacetylphenyl)oxyacetate hydrochloride in dichloromethane. 5-t- 
Butoxycarbonyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-ca*oxylic acid (2.7 g) was dissolved in dichloromethane 
(50 ml), benzotriazol-1-yloxy-tris(dimethylamino)phosphonium hexafluorophosphate (BOP) (4.20 g) was added to 
the solution, and the mixture was stirred at room temperature for one hr. The solution of t-butyl (2-acetoxym ethyl - 

40 4-aminoacetylphenyl)oxyacetate hydrochloride in dichloromethane prepared above and diisopropylethylamine (3.5 
ml) were added thereto. A reaction was allowed to react at room temperature for 2 hr. Ethyl acetate was added 
thereto, and the mixture was washed with water, dilute hydrochloric acid, water, an aqueous saturated sodium 
bicarbonate solution, and water in that order and then dried over magnesium sulfate. The solvent was removed 
under reduced pressure, and the residue was purified by column chromatography on silica gel (250 g, chloroform 

45 : ethyl acetate = 4 : 1) to give 5.06 g (92.0%) of t-butyl [2-acetoxymethyl-4-[[(5-t-butoxycarbonyl-4,5,6,7-tetrahydro- 
thieno[3,2-c)pyridin-2-yl)carbonylamino]acetyGphenyl]oxyacetate as an oil. 

1 H-NMR (CDCI3) 8: 1 .48 (9H, s), 1 .50 (9H, s), 2.16 (3H, s). 2.89 (2H, brs), 3.74 (2H, brs), 4.51 (2H, brs), 4.66 
(2H, s), 4.87 (2H, d, J = 3.8 Hz), 5.26 (2H, s), 6.82 (1 H, d, J = 8.7 Hz), 7.34 (1 H, s), 7.97 (1H, dd, J = 2.3, 8.7 
so Hz), 8.04 (1H ( d, J = 2.3 Hz) 

FDMS (m/z): 602 (M + ) 

(e) The compound (4.8 g) prepared in the above step (d) was dissolved in a mixed solution composed of methanol 
(100 ml) and tetrahydrofuran (20 ml), a magnesium chip (204 mg) was added thereto, and the mixture was stirred 

55 at room temperature for 2 hr. The reaction solution was then concentrated under reduced pressure, and ethyl ace- 
tate and water were added thereto, tnsolubles were filtered off from the reaction solution through Celite, and the 
ethyl acetate layer was washed with water, dried over magnesium sulfate, and then concentrated under reduced 
pressure. The residue was purified by column chromatography on silica gel (250 g, chloroform : ethyl acetate = 2 : 
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bonate solution, and saturated saline and tnen^ried ol ^ .L™ aqUe ° US sa,ura,ed Wear- 
reduced pressure to give 122 mg (92 4%) OfT^ZZ^T"! SOlvent was "*™* ""d* 

^K 7 D S:j 303^3,3,4 (2H. ors, 4,t (2H. b rs, 4.68 

J = 2.0. 9.0 Hz). 8.10 (1H, d. J . 2 0 Hz) ( * ' = 9 ° HZ) ' 6 " (1H ' m * 7 34 < 1H - * 8 04 (1H, dd. 

SIMS (rrvz): 639 (M + + 1) 

The reaction scJon was ^M^X^l^ ^^TZ !T * room one h, 

sulfate, and the solvent was removed ^v^c^^TlT^ and wer cesium 

phy on silica gel (12 g. chloroform • methano - a 1?^ J? W3S purified by column chromatogra- 

s). 7.83 (1 H, d, J = 2.0 Hz). 7.97 (1H. dd j = 2 0 " l o Hz ' ( ' ^ ^ ^ ^ 732 (1H " S >" 7 67 < 1H - 
EIMS(nVz):610(M + ) ' ' ' 

12 mg (52.2%) of the title compound. ^ 8 * 9n dlSSOlved in ^ and *en lyophilized to give 

OH. d. J = 2.0 Hz). 8.93 (1H s) ( ? 6 ° (1K S) ' 818 < 1H - dd - J = 2-0. 90 Hz). 8 21 

SIMS (rrvz): 455 (M + + 1) 
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Example 2 

[2-(Pvridin-3-YnoxvmethvM-^ acid 
triflMpro3Get3te 

[0056] 




Tr A 



(a) The compound (262.6 mg) prepared in Example 1 (f) was dissolved in N,N-dimethylformamide (2 ml), 3-hydrox- 
ypyridine (47 mg) and diisopropylethylamine (0.143 ml) were added to the solution, and the mixture was stirred at 
room temperature overnight. Saturated saline was added to the reaction solution, and the mixture was extracted 
with ethyl acetate. The organic layer wad dried over magnesium sulfate, and the solvent was removed under 
reduced pressure. The residue was purified by column chromatography on silica gel (8 g. chloroform : methanol ■ 
8 : 1) to give 35.3 mg (13.5%) of t-butyl [2-(pyridin-3-yDoxymethyl-4-n(5^ 
ieno[3,2-c]pyridin-2-yl)carbonylamino]acetyl]phenyl]oxyacetate. 

1 H-NMR (CDCI 3 ) 8: 1.49 (18H, s), 2.84 (2H, br s), 3.75 (2H, brs), 4.45 (2H, s). 4.64 (2H, s), 4.83 (2H, d, J = 1.5 
Hz), 5.39 (2H, s), 6.87 (1H, d. J = 2.9 Hz), 7.21 (1H, d, J = 1.8 Hz), 7.38 (1H, brs), 7.51 (1H, brs), 7.75 (2H, 
brs), 8.02 (1 H, d, J = 2.9 Hz), 8.21 (1 H, s) 
FDMS (m/z): 637 (M + ) 

(b) The compound (47.2 mg) prepared in the above step (a) was dissolved in methylene chloride (0.2 ml), and ani- 
sole (0.02 ml) was added thereto. Trrf luoroacetic acid (0.2 ml) was added to this solution under ice cooling, and the 
mixture was stirred for 30 min and then stirred at room temperature for additional one hr. The solvent was removed 
under reduced pressure, and the residue was dissolved in water. The solution was washed with isopropyl ether and 
iyophilized to give 37.9 mg (86.0%) of the title compound. 

1 H-NMR (D 2 0) 6: 3.19 (2H, brs), 3.60 (2H, brs), 4.34 (2H, brs), 4.88 (2H, s), 5.77 (2H, s) t 7.01 (1H, m), 7.10 
(2H, d, J = 3.0 Hz), 7.53 (1H, s). 7.80 (1H, m), 7.90 (1H, d, J = 2.1 Hz), 8.13 (1H, d, J = 3.0 Hz), 8.25 (1H, s), 
8.47 (1H, brs) 
FDMS (m/z): 482 (M + +1) 

Example 3 

r[4-f2-ff4.5.6.7-Tefrahvdrothienor3^ 
tic acid trifluoroacetate 

[0057] 




TFA 



11 

_0897920A1J_> 



EP 0 897 920 A1 



9421599n/di<«^^ ( 9 ' synthes,zed according to a method described in WO 

ESIMS (m/z): 740 (M + + 1) 

FDMS (m/z): 528 (M + + 1) 
Example 4 

[0058] 




BHSS3S53SS3S 
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and water were added to the residue, followed by separation. The organic layer was washed with saturated saline 
and dried over magnesium sulfate, and the solvent was removed under reduced pressure. The residue was purified 
by column chromatography on silica gel (3.5 g, n-hexane : ethyl acetate = 1 : 4) to give 47.8 mg (43%) of di-t-butyl 
[[4-[2^(5-t-butoxycartonyl-4,5,6J 
5 yl)oxyethyl]-o-phenylene]dioxy]diacetate. 

1 H-NMR (CDCI 3 ) 8: 1.48 (27H, s), 2.86 (2H, brs). 3.30 (3H, s), 3.71 (3H, brs), 3.96 (1H, brs). 4.48 (2H, s), 4.61 
(4H, s), 5.50 (1 H, brs). 6.82 (1H, d, J = 2.6 Hz), 6.98 (2H, brs), 7.08 (3H, s), 8.13 (1 H, t, J = 1 .3 Hz), 8.30 (1 H, s) 
FDMS (m/z): 753 (M + ) 

10 

(c) The compound (47.8 mg) prepared in the above step (b) was dissolved in methylene chloride (0.2 ml). Anisole 
(0.02 ml) was added to the solution. Trifluoroacetic acid (0.2 ml) was added to this solution under ice cooling, and 
the mixture was stirred for 30 min and then stirred at room temperature for additional one nr. The solvent was 
removed under reduced pressure, and the residue was dissolved in water. The solution was washed with isopropyl 
15 ether and then lyophilized to give 41 .6 mg (1 00%) of the title compound. 

1 H-NMR (D 2 0) 8: 3.1 1 (2H, brs), 3.27 (3H, s), 3.58 (2H, brs), 4.28 (4H, s). 4.70 (2H, brs), 5.69 (1H, brs), 6.90 
(4H, brs), 7.87 (1H, brs), 8.06 (1H, brs), 8.34 (2H, brs) 
FDMS (m/z): 541 (M + ) 

20 

Example 5 

[4-[2-f[(4.5.6.7-Tetrahydrrthienof3.2-c)Dwidin>2>vl)carbonvnamino1- 1 A Dvridin-3-vnoxvethvllDhenvnoxvacetic acid trif- 
luoroacetate 

25 

[0059] 



30 




TrA 



(a) t-Butyl (4-bromoacetylphenyl)oxyacetate (1.929 g) was dissolved in N.N-dimethylformamide (20 ml), sodium 
40 azide (457 mg) was added to the solution, and the mixture was stirred at room temperature for one hr. Ethyl acetate 

was added to the reaction solution. The mixture was washed with water and dried over magnesium sulfate, and the 
solvent was removed under reduced pressure. The residue was purified by column chromatography on silica gel 
(52 g, n-hexane : ethyl acetate = 3 : 1) to give 1.707 g (100%) of t-butyt (4-azidoacetylphenyl)oxyacetate. 

45 1 H-NMR (CDCI3) 8: 1 .41 (9H, s), 4.50 (2H, s), 4.59 (2H, s), 6.95 (2H, d, J = 3.0 Hz), 7.89 (2H, d, J = 3.0 Hz) 

EIMS (m/z): 291 (M + ) 

(b) The compound (2.234 g) prepared in the above step (a) was dissolved in ethanol (40 ml). 10% palladium-carbon 
(230 mg) and concentrated hydrochloric acid (0.64 ml) were added to the solution. The mixture was stirred in a 

so hydrogen atmosphere at atmospheric pressure for 2 hr. The reaction solution was filtered, and the filtrate was con- 
centrated. The residue was dissolved in water, and the solution was washed with diethyl ether and then lyophilized 
to give 1 .709 g (74.0%) of t-butyl (4-aminoacetylphenyl)oxyacetate hydrochloride. 

1 H-NMR (D 2 0) 8: 1 .50 (9H, s), 4.66 (2H, s), 4.82 (2H, s), 7.12 (2H, d, J = 3.0 Hz), 8.03 (2H, d, J = 3.0 Hz) 
55 ESIMS(m/z):266(M + + 1) 

(c) 5-t-Butoxycarbonyl-4,5,6,7-tetrahydrothieno [3,2-c]pyridin-2-carboxylic acid (939 mg) was dissolved in methyl- 
ene chloride (10 ml). BOP (1.47 g) was added to the solution, and the mixture was stirred at room temperature for 
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10 



15 



20 



25 



30 



35 



40 



45 



SO 



IZ^ * souton ° f * e compound < 1 9). Prepay intheabove step (b). disced in methylene chioride (5 mi) was 
added thereto and disopropylethyfamine (1 .4 ml) was further added thereto. The mixture was stirred at room tem- 
perature for 4 hr The reaction solution was concentrated, and the residue wad dissolved in ethyl acetate. The solu- 
SL^n?^ ^ °' 5 N hydrochloricacid ' and an aqueous saturated sodium bicarbonate solution in that 
order and then dried over magnesium sulfate. The solvent was removed under reduced pressure, and the residue 
^m^? chromatography on silica gel (70 g, n-hexane : ethyl acetate = 4 : 3) to give 1.572 g (89 0%) 
oH^yl t 4- m5 -(t-r^o^^ 

L H ;T Q R , ( ^ C 1 3) 150 (18K S) ' 2 88 (2H ' brS) ' 3 74 < 2H - bre >- 4 50 < 2 * 4 -61 (2H. S). 4.86 (2H, d J = 1 4 
Hz).6.97(2H.d.J=2.4Hz).7.33(1H,s),7.99(2H.d,J = 28Hz) 
FDMS (m/z): 530 (M + ) 

!S ^^T^f/* 5 I 2 9) P repar6d in 1,16 ab0Me ^ (C) W8S dissolved in etha nol (16 ml). Sodium borohydride 
45 mg) was added to the soluton under ice cooling. The mixture was stirred for one hr. Cold water was added to 

S^f ^i? 0 "' and th , S mixtUre " B8 extracted "* ethyl acetate - 7116 extract wa * washed with water and sat- 
urated saline. The organic layer was dried over magnesium sulfate, and the solvent was removed under reduced 

SEES 9We , ?Z1 9 { **** f 4 -[ 2 -nr5-(t-butoxycarbonylK5,6.7-tetrar y drothi^ 

yl]carbonyl]amino]-1-hydroxyethyl]phenyl]Qxyacetate. 

/^I]^^ (CDCI3) 8: 1.48 (18H, s), 2.85 (2H, brs), 3.42 (1H, m), 3.71 (2H, brs), 3.80 (1H, m) 445 (2H s) 451 
(2H. s). 4.86 (1H. m). 6.87 (2H. d. J = 3.0 Hz). 7.19 (1H. s). 7.30 (2H d J = 3 0 Hz) 
FDMS (m/z): 532 (M + ) ; 

(e) The cornpound (100 mg) prepared in the above step (d) was dissolved in dehydrated THF (2 ml). 3-Hydroxypy- 
ndme (18 mg). tnphenylphosphine (59 mg). and diethyl azodicarboxylate (0.04 ml) were added to the solution and 
the mixture was stirred at room temperature overnight The solvent for the reaction was remwed under reduced 

PrC ^ e " -^ a,er Wa$ add6d t0 the residue - 30(1 ,he mixture wa * extracted with ethyl acetate. The extract was 
washed with saturated saline and dried over magnesium sulfate, and the solvent was removed under reduced ores- 
f was P"^^ ^ column chromatography on silica gel (5 g. n-hexane : ethyl acetate = 1:4) to give 
48.8 mg (43.0%) o t-butyl [4-[2-m5-(t-butoxyca^^ 

H(pyndin-3-yl)oxy]ethyl]phenyl]oxyacetate. yj«"»"o| 

^ 1 ( 21SS 8 \ 148 <18H> S)> 2 82 (2H ' bfS) - 3 62 (1H ' m) ' 3 71 < 2H ' brs >' 3 96 ( 1H - m >- 4 4 6 (2H. s), 4 51 
(2H. s). 5.37 (1 H. m). 6.90 (2H. d. J = 3.0 Hz), 7.18 (2H. m), 7.45 (2H, m), 7.61 (1 H. m). 8.12 (1H. s). 8.29 (1H. 

FDMS (m/z): 609 (M + ) 

^T^'* (48 J ^ PfePared in thS ^ Sl6P (e > was dissolved in ethylene chloride (0.25 ml), and ani- 
sole £.025 ml) was added to the solution. Mluoroacetic acid (0.25 ml) was added to the solution under ice cooling 

11^- "^f^. f ° r 15 hr Th6 ***** was removed under r *duced pressure. The residue was 

solved .n water, and the solution was washed with isopropyl ether and lyophilized to give 10.9 mg (24 0%) of the 
title compound. ~ 1 

(1H, m), 7.29 (2H. m), 7.60 (1H. m). 7.99 (1H, s). 8.28 (1H. m) 
FABMS(m/z):454(M + +1) 
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Example 6 

[2-(1-lmidazolylmethvi)-4-[f4-(piperidin-4>yl)>2'Oxopiperazin-1 -yT|acetvnphenvl]oxvacetic acid trifluoroacetate 
[0060] 



o 

TFA 



(a) 4'-Hydroxy-3'-methylacetophenone (10.5 g) was dissolved in N.N-dimethylformamide (140 ml). Potassium car- 
bonate (1 1 .6 g) and t-butyl bromoacetate (1 1 .3 ml) were added to the solution, and the mixture was stirred at room 
temperature for 3 hr. Water was added to the reaction solution, and the mixture was extracted with ethyl acetate. 
The organic layer was washed with saturated saline and dried over magnesium sulfate. The solvent was removed 
under reduced pressure. The residue was recrystallized from hexane to give 1 7.2 g (93.0%) of t-butyl (4-acetyl-2- 
methylphenyl)oxyacetate. 

1 H-NMR (CDCI 3 ) 8: 1.48 (9H, s), 2.32 (3H, s), 2.55 (3H, s), 4.61 (2H, s), 6.69 (1H, d. J = 8.1 Hz), 7.78 (1H, d, 
J = 8.1 Hz),7.80(1H,s). 
EIMS (m/z): 264 (M + ) 

(b) The compound (13.2 g) prepared in the above step (a) was dissolved in carbon tetrachloride (300 ml). N-bro- 
mosuccinimide (8.90 g) and 2,2'-azobisisobutyronitrile (0.30 g) were added to the solution. The mixture was heated 
under reflux with stirring for 2 hr. Insolubles were removed by filtration, and the solvent was then removed under 
reduced pressure. The residue was purified by column chromatography on silica gel (550 g, n-hexane : ethyl ace- 
tate = 5 : 1 to 3 : 1) to give 1 1 . 1 g (65.0%) of t-butyl (4-acetyl-2-bromomethylphenyl)oxyacetate. 

1 H-NMR (CDCI3) 8: 1.48 (9H, s), 2.57 (3H, s), 4.63 (2H, s), 4.69 (2H, s), 6.78 (1H, d. J = 8.6 Hz), 7.91 (1H, dd, 
J = 2.2, 8.6 Hz), 8.00 (1 H, d, J = 2.2 Hz) 
EIMS (m/z): 342, 344 (M+-1 , M + + 1) 

(c) The compound (10.3 g) prepared in the above step (b) was dissolved in N,N-dimethytformamide (150 ml). 
Potassium acetate (3.53 g) was added to the solution, and the mixture was stirred for one hr. Water was added to 
the reaction solution, and the mixture was extracted with ethyl acetate. The organic layer was washed with satu- 
rated saline and dried over magnesium sulfate. The solvent was removed under reduced pressure, and the residue 
was purified by column chromatography on silica gel (250 g, n-hexane : ethyl acetate = 4 : 1 to 3 : 1) to give 8.54 g 
(88.0%) of t-butyl (2-acetoxymethyl-4-acetylphenyl)oxyacetate. 

1 H-NMR (CDCI3) 8: 1.47 (9H, s), 2.14 (3H, s), 2.57 (3H, s), 4.64 (2H, s), 5.25 (2H, s), 6.78 (1H, d, J = 8.6 Hz), 
7.92 (1 H, dd, J = 2.2, 8.6 Hz), 7.99 (1 H, d, J = 2.2 Hz). 
EIMS (m/z): 322 (M + ) 

(d) The compound (8.53 g) prepared in the above step (c) was dissolved in dichloroethane (60 ml). Triethylamine 
(1 1 ml) and trimethylsilyl trifluoromethanesulfonate (6.1 ml) were added to the solution under ice cooling. The mix- 
ture was stirred at room temperature for 30 min. The solvent was removed under reduced pressure. The residue 
was decanted with ether, followed under reduced pressure to remove ether. The residue was dissolved in tetrahy- 
drofuran (60 ml). N-bromosucdnimide (5.2 g) was added to the solution under ice cooling, and the mixture was 
stirred for one hr. The reaction solution was poured into a cold aqueous saturated sodium bicarbonate solution 
under ice cooling, and the mixture was extracted wit ether. The organic layer was washed with saturated saline and 
dried over magnesium sulfate. The solvent was removed under reduced pressure, and the residue was purified by 
column chromatography on silica gel (400 g, n-hexane : ethyl acetate = 4 : 1) to give 7.68 g (72.0%) of t-butyl (2- 
acetoxymethyl-4-bromoacetylphenyl)oxyacetate. 
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1 H-NMR (CDCk) 5: 1.47 (9H 2 15 a ah t 0 i , e , A cc /OLI x t , , 

7.95 OH. dd. J : 2.2. 8.9 Hz). (1 H J J = 2 2 ' * ^ S) ' <2H ' S) ' 6 80 (1H * J = 8 9 
EIMS (m/z): 400, 402 (M* - 1 . M + + 1) 

to the reaction sniutinn o«h #k a mixrure was stirred for 45 mm. Acetic acid and water were added 

SIMS (m/z): 603 (M + ) 

saline were added to the eaction JE, ^ i„^M L tem Perature for 4 hr. Ethyl acetate and saturated 
yOacetyO-2-hydroxyi^e^^ ^ ^ + «»*"J^^ 

FDMS (m/z): 561 (NT) 
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FDMS (m/z):456(M + +1) 
Example 7 

[4- ff4-(Piperidin-4-vn-2-oxopiperazin- Vvl]acetYn-2-(3-pyridvloxYmethvl)phenvnoxvacetic acid trtf luoroacetate 
[0061] 




O 

TFA 



(a) The procedure of the step (g) of Example 6 was repeated, except that 3-hydroxypyridine was used instead of 
imidazole. Thus, 35.9 mg (34.0%) of t-butyl [4-[[4-(1-t^utoxycarbonylpiperidin-4-yl)-2-oxopiperazin-1-yl]acetyl]-2- 
(3-pyridyloxymethyl)phenyl]oxyacetate was prepared. 

1 H-NMR (CDCI 3 ) 8: 1.36-1.55 (20H), 1.69-1.86 (2H, m), 2.43-2.52 (1H, m), 2.75 (2H, brt), 2.85 (2H, brt), 3.32- 
3.42 (4H, m), 4.13 (2H, brs), 4.64 (2H, s), 4.75 (2H, s), 5.34 (2H, s), 6.86 (1 H, d, J = 8.5 Hz), 7.21 (1 H, dd, J = 
5.4, 9.0 Hz), 7.25-7.32 (1H, m), 7.39 (1H, d, J = 5.4 Hz), 7.59-7.63 (1H, m), 8.02 (1 H, d, J = 2.5 Hz), 8.04 (1H, 
dd, J = 2.1, 8.5 Hz) 
FDMS (m/z):639 (M + + 1) 

(b) The compound (32.0 mg) prepared in the above step (a) was treated in the same manner as in the step (h) of 
Example 6 to give 19.0 mg (54.0%) of the title compound. 

1 H-NMR (D 2 0) 5: 1.36-1.55 (20H), 1.69-1.86 (2H, m), 2.43-2.52 (1H, m), 2.75 (2H, brt), 2.85 (2H, brt), 3.32- 
3.42 (4H, m), 4.13 (2H, brs), 4.64 (2H, s), 4.75 (2H, s), 5.34 (2H, s), 6.86 (1H, d, J = 8.5 Hz), 7.21 (1H, dd, J = 
5.4, 9.0 Hz), 7.25-7.32 (1H, m), 7.39 (1H, d, J = 5.4 Hz), 7.59-7.63 (1H, m), 8.02 (1H, d, J = 2.5 Hz), 8.04 (1H, 
dd, J = 2.1, 8.5 Hz) 
FDMS (m/z): 639 (M + + 1) 

Example 8 

[2-(1 -lmidazolv lmethvl)-4-rf4-(piperidin-4-vl)-2.6<lioxopiperazin-1 -vllacetvnphenvnoxyacetic acid trrf luoroacetate 
[0062] 




TFA 



(a) Sodium hydride (0.14 g) was washed with hexane and suspended in N,N-dimethylformamide (3 ml), and a solu- 
tion of 4-(1-t-butoxycarbonylpiperidin-4-yl)-2,6-dioxopiperazine (0.684 g, WO 9602503) in dimethylformamide (7 
ml) was added to the suspension under ice cooling. The mixture was stirred at room temperature for 20 min. A solu- 
tion of the compound (1,01 g) prepared in Example 1 (d) in N,N-dimethylformamide (5 ml) was added thereto under 
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ice cooling, followed by stirred for 45 min. Acetic acid and water were added to the reaction solution, and the mix- 
ture was extracted with ethyl acetate. The organic layer was washed with an aqueous saturated sodium bicarbo- 
nate solution and saturated saline and dried over magnesium sulfate, and the solvent was removed under reduced 
pressure. The residue was purified by column chromatography on silica gel (60 g, hexane : ethyl acetate = 1 ■ 1) to 
Ke^heny^^^ ^ioxopiperazin-L 

1 H-NMR(CDCl3)8:1.36-1.54(20H).1.83(2H,brd).2.14(3H,s) > 2.6S(1H.tt.J = 4.0 11 1 Hz) 2 77 (2H brtt 

2.2, 8.6 Hz). 8.00 (1H.d, J = 2.2 Hz) V 
FDMS(m/z):617(M + ) 

(b) Th ^^ Pmnd (5 ° mQ) prepared in tne above ste P ^) w as dissolved in methanol (1 ml). Acetyl chloride (4 nl) 
u S °' Uti0n Under iCe Coolin9> and the mixture was s*™** at room temperature for 27 hr Water was 
added to the reacfcon solution, followed by extraction with ethyl acetate. The organic layer was washed with an 
aqueous saturated sodium bicarbonate solution and saturated saline and then dried over magnesium sulfate The 
sofverrt was removed under reduced pressure. The residue was purified by PTLC (Merck 5744. chloroform : meth- 
anol = 20 : 1). elutmg with chloroform : methanol = 10 : 1. to give 21.4 mg (46.0%) of t-butyl [4-rf4-(1-t-butoxvcarb- 
onylppendn^-ylJ^-oxopiperazin-l-ylJacetyQ^-hydroxymethylphenylloxyicetate ".utoxycarb 

iH-NMR(CDCl3)8: 1.36-1.53 (20H), 1.82 (2H. brd). 2.44-2.52 (1H. m), 2.74 (2H. brt). 2.86 (2H, bis). 3 16 (1H 

SS KISS »j s) ' 476 (2K s) - 478 (2H> 51 J (1H * J • ** 793 

FDMS (m/z): 561 (M+) 

!2Z5 ^T^ d i l fi m9) prepar6d in me aDOve ste P (o) was heated in the same manner as in Example 6 (g) to 

1 H-NMR (CDCI 3 )8: 1.36-1.57 (20H). 1.83 (2H, brd), 2.64 (1 H. tt, J = 4.0. 11. 1Hz) 277 (2H brt) 3 63 MH s> 

MM 5 ^ SS u 64 (2H - S) ' 5 08 (2H ' S) " 5 22 (2K S) ' 6 83 < 1 H ' * J - 8 7 Hz >- 7 °° OH ft 2 m ) 7 67 
(1H.s).7.68(1H,d.J = 2.3Hz).7.94(1H.dd.J = 2.3,8.7Hz) 
ESIMS (m/z): 626 (M + + 1) 

X compound(50 mg) prepared in the above step (c) was treated in the same manner as in Example 6 (h) to 

give 43.4 mg (78.0%) of the title compound. 

S? 5 "A (ik b) s 88 Hz)t 7 39 (1 K 1 J 55 1 9 Hz) ' 751 (1Hi *• J s 1 9 Hz)> 8 12 " 8 - 19 

FABMS (m/z): 470 (M + +1) 
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Example 9 

Ethyl[4-[1 -(pyridin-3-yl)ox^^ 
hydrochloride 

[0063] 




[0064] The procedure of Example 5 was repeated, except that ethyl 2-[4-(2-brornoacetyl)phenyl]oxyacetate was used 
instead of t-butyl 2-[4-(2-bromoacetyl)phenyl]oxyacetate. Thus, 159 mg of the title compound was prepared. 

1 H-NMR (DMSO) 5: 1.18 (3H, t, J = 7.1 Hz), 3.04 (2H, brs), 3.37 (2H, brs), 3.55-3.63 (1H, m), 3.68-3.77 (1H, m), 
4.11-4.18 (4H, m), 4.75 (2H s). 5.64-5.72 (1H, m), 6.93 (2H, d, J = 8.8 Hz), 7.40 (2H, d, J = 8.8 Hz), 7.54 (1H, s), 
7.65 (1 H, brs), 7.85 (1 H, brd, J = 8.8 Hz), 8.90 (1 H, brt, J = 5.6 Hz), 9.60 (1 H, brs) 
TSPMS (m/z):482 (M+ + 1) 

Example 10 

Sodium [4-[2-[[(4,5,6,7-tetrahydrothieno[3,2^ acid 
[0065] 




(a) 4-Bromophenol (1 g) was dissolved in methylene chloride (10 ml). Diisopropylethylamine (1.1 ml) and chlorome- 
thyl methyl ether (475 ^J) were added to the solution under ice cooling, and the mixture was stirred for one hr. Meth- 
ylene chloride was further added thereto, and the mixture was extracted. The organic layer was washed with 
saturated saline and dried over magnesium sulfate. The solvent was removed under reduced pressure, and the res- 
idue was purified by column chromatography on silica gel (50 g, n-hexane : ethyl acetate = 5 : 1) to give 774 mg 
(61.7%) of bromo-4-methoxymethyloxybenzene. 

1 H-NMR (CDCI 3 ) 8: 3.43 (3H, s), 5.1 1 (2H, s), 6.90 (2H, d, J = 8.6 Hz), 7.35 (2H. d, J = 8.6 Hz) 
EIMS (m/z): 216 (M + - 1), 218 (M + + 1) 

(b) The compound (774 mg) prepared in the above step (a) was dissolved in dehydrated tetrahydrofuran (5 ml), n- 
Butyl lithium (1.64 M hexane solution) (2.8 ml) was added to the solution at -78°C, and the mixture was stirred for 
15 min. A solution of 3-pyridylaldehyde (335 in THF (3 ml) was added thereto, and the mixture was stirred for 20 
min. The temperature was returned at room, temperature, and stirring was continued for additional 2.5 hr. Water 
was added to the reaction solution, and the mixture was extracted with ethyl acetate. The organic layer was dried 
over magnesium sulfate, and the solvent was removed under reduced pressure. The residue was purified by col- 
umn chromatography on silica gel (40 g, ethyl acetate) to give 633 mg (72.4%) of a-(4-methoxymethyloxyphenyl)- 
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3-pyridinemethanol. 

^H-NMR (CDa 3 ) 5: 3.44 (3H. s). 5.13 (2H, s), 5.52 (2H. brs). 6.98 (2H, d, J = 8.6 Hz). 7.16-7.21 (1H m) 7 24 

(c) The compound (633 mg) prepared in the above step (b) was dissolved in chloroform (30 ml). Active manganese 
d-ox.de (1.58 g) was added thereto, followed by stirring at room temperature overnight. Manganese dioS wis 
removed from the , reaction solution by f iftration. The solvent was then removed under reduc ed pressure The 3 

X^X^C^rr^ ^ SiHCa ^ <3 ° 9 " Sthyl aC6,ate) t0 427 (68 0% > « 

IH-NMR (CDCI 3 ) 8: 3.38 (3H. s). 5.15 (2H, s). 7.02 (2H. d. J = 8.7 Hz). 7.33 (1 H, dd. J = 4 7 7 9 Hz) 7 70 (2H 
EiMsSz^ 

JJ) Metallic : sodium (61 mg) was added to and completely dissolved in ethanol (5 ml). A solution of diethylcyanome- 

JKSSST Ei? " TT - ( r ? W3S add6d 10 *• SO,Ution ' ^ the mbrture — *£ - SmtTrSr- 
a> J?h1 th r ? * Ut ' 0n ° f the """P 0 "™ 1 < 427 ma). Prepared in the above step (c). in ethanol (2 ml) 

Z££ S SJJ? 7*™ T* ^ r6flUX With ^ 10 hr - ^ reaction solution wai 
Sr!?J * ' *T e 80lW " nl W3S removed under reduced P ressure - ™ e residue was extracted with ethyl ace- 
S^S i n H° r9 fl' C WaS W3Shed With sa,ine and dried ° ver "«9nesium sulfate. The solvent was 

removed under reduced pressure, and the residue was purified by column chromatography on silica gel (20 a n- 

25 Sir 1 = 1 : 1) to *" 272 m9 (582%) 0f ^<^^^U-H^Z%o- 

^ aSSJil 4 ^S"?- 517 (2H S)> 564 and 5 76 (1H s) ' 701 and 7 08 < 2H ea <*- 4 J = 8-8 
if. 737 (2H eaChl d ' J = 88 HZ) - 731 and 738 < 1H each - ««- J = 4-9. 7.9 Hz) 7.56 and 7 77 (1H 

£» Sz):^)^' 86 ° 0 H * J = 23 "* 864 rt 867 < 1 H «* * J = 1 *• 4 8 "J 

!Ss^?3S?iTjS ST"? in a ^° Ve S,6P (d) W3S dissolved in 0° ml), sodium borohydride 

(393 mg) was added thereto. The mixture was heated under reflux with stirring for 5 hr. The solvent for the reaction 

S ™™ r redUC6d PreSSUre ' 8nd W9ter WaS added **** followed by extraction with methylene chlo- 
S^SE^JTLT WaShe l With SatUrated Saline and dried «* cesium sulfate, and the Z>lvent was 
^ reduced pressure. The residue was purified by column chromatography on silica gel (15 g. n-hex- 
ane . ethyl acetate = 1 : 1) to g-ve 176 mg (44.2%) of S^-methoxymeftyloxyphenyO-S^-pyridyfJpropanenrtrile 

8 03 < 2H - * J = 7 8 Hz). 3.44 (3H. s). 4.37 (1H. t. J = 7.9 Hz). 5.14 (2H. s). 7.02 (2H d J 

Hz" 8 Soil d I ' U 4 8 Hzj ? HZ) ' 7 25 * ' = 4 * 7 9 HZ)> 755 0K * J " 7 9 H2) " 8 51 < 1H ' d - J ; 3 8 
TSPMS(m/z):269(M + +1) 

(f) The ^ compound (176 mg) prepared in the above step (e) was dissolved in ethylene glycol (3 ml) Potassium 
184 ^ *«s added to the sohrtion .T^at^mBfmMva^J^J^S^ZSZ 
re ^° n SOlUt,0n • and ,he mixture W3S washed ac **e. The aqueous layer was neuJS 

SSL ^II?^^^ 0 ^ ^ ^ ac ^e The organic layer was washed with^^^SjS 

^EmfSiS d 9 ? (2 « H v d u J r/- 7 ?*■ 3 36 (3H - s) - 450 (1H »■ J ■ 77 Hz >- 505 < 2H . s )- 6 - 8 * ph. d. j 

("iKd jt 1.?Hz) = ° (1H ' 755 (1H d ' J = 80 ^ 829 (1K * J " 39 H2 >- 8 46 

TPSMS(m/z):288(M + +1) 

SJHIS^S { l° 5 ^ 9 - Pr , eP ? eti in * e ^ ^ (<) was dissolved in dehydrated tetrahydrofuran (10 ml) 
Li "° ^ 7' Ch '° rWe (389 ^ Were ^ there,a 7116 mbrture stirred under ice cooZg 
for 30 mm. Aqueous ammon.a (448 nl) was added thereto, followed by stirring for additional one hr Wafer was 
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added to the reaction solution. "The mixture was extracted with ethyl acetate, and the extract was washed with an 
aqueous saturated sodium bicarbonate solution and dried over magnesium sulfate. The solvent was removed 
under reduced pressure to give 409 mg (58.2%) of 3-(4-methoxymethyloxvphenyl)-3-(3-pyridyt)propanamide. 

5 1 H-NMR (CDCI3) 8: 2.93 (2H, d, J = 7.7 Hz), 3.44 (3H, s). 4.57 (1H, t, J = 7.7 Hz), 5.12 (2H, s), 6.39 (t H, brs), 

6.48 (1H, brs), 6.98 (2H, d, J = 8.7 Hz), 7.14 (1H, m), 7.22 (2H, d, J = 8.7 Hz), 7.55 (1H, d, J = 8.0 Hz), 8.41 
(1H, brs). 8.52(1 H, brs) 
ESIMS(m/z):287(M + + 1) 

10 (h) A suspension of the compound (409 mg), prepared in the above step (g), in a 1 N aqueous sodium hydroxide 
solution (1.2 ml) was added to a mixed solution composed of an aqueous sodium hypochlorite solution (1 ml) and 
a 1 N aqueous sodium hydroxide solution (2.4 ml), and the mixture was stirred at room temperature for one hr. 
Sodium hypochloride (1 ml) was then added thereto, followed by stirring at room temperature for additional one hr. 
Thereafter, the temperature was gradually raised, and heating under reflux was carried out with stirring for 15 min. 

15 The reaction solution was allowed to cool, and water was added thereto under ice cooling. The pH was adjusted to 
3-4 by the addition of 1 N hydrochloric acid. The neutralized solution was washed with ethyl acetate, and water was 
removed under reduced pressure. In order to remove sodium chloride, extraction with ethanol was carried out. The 
solvent was removed under reduced pressure to give 162 mg (43.9%) of 2-(4-methoxymethyloxyphenyl)-2-(3-pyri- 
dyl) -1-ethylamine. 

20 

1 H-NMR (CD3OD) 5: 3.47 (3H, s), 3.79 (2H, dd, J = 8.0, 12.5 Hz), 4.28 (1H, t, J = 8.0 Hz), 5.19 (2H, s), 7.05 
(2H, d, J = 8.7 Hz), 7.27 (2H, d, J = 87 Hz), 7.40-7.45 (1H, m), 7.82 (1H, d, J = 8.0 Hz), 8.42 (1H, brs). 8.50 
(1H, brs) 

ESIMS (m/z):259 (M + +1) 

25 

(i) 5-(9-Fluorenylmetriyloxycaitronyl)-4,^^ acid (223 mg) was dis- 

solved in methylene chloride (10 ml). BOP(267 mg) was added to the solution, and the mixture was stirred at room 
temperature for one hr. A solution of the compound (162 mg). prepared in the above step (h), in a mixed solution 
composed of methylene chloride (5 ml) and N,N-dimethylformamide (1 ml) was added to the stirred solution. Diiso- 

30 propylethylamine (335 ul) was added thereto, and the mixture was stirred at room temperature overnight. The reac- 
tion solution was concentrated, and the concentrate was dissolved in ethyl acetate. The solution was then washed 
with 1 N hydrochloric acid, water, and an aqueous saturated sodium bicarbonate solution and dried over magne- 
sium sulfate. The solvent was removed under reduced pressure. The residue was purified twice by column chro- 
matography on silica gel (30 g, ethyl acetate-10 g, n-hexane : ethyl acetate =1 : 4) to give 45 mg (12.7%) of N-[2- 

35 (4-methoxyme%loxyphenyl)-2-(pyridin-3-yI)etty tetrahydrothieno[3,2- 
c]pyridin-2-yl]formamide. 

1 H-NMR (CDCI3) 8: 2.75 (2H, brs), 3.46 (3H, s), 3.70 (2H, brs), 4.23 (2H, brs), 4.34-4.60 (5H, m), 5.15 (2H, s), 
7.02 (2H, brs), 7.17 (1H, s), 7.26-7.39 (8H, m). 7.56 (2H, brs), 7.67 (1H, brs), 7.76 (1H, brs), 8.47 (1H, brs). 
40 8.53 (1H, brs) 

FABMS(m/z):646(M + +1) 

(j) The compound (45 mg) prepared in the above step (i) was dissolved in tetrahydrofuran (1 ml). Concentrated 
hydrochloric acid (0.1 ml) was added thereto, and the mixture was stirred at 65°C for 2.5 hr. The solvent for the 
45 reaction was removed under reduced pressure. Water was added to the residue, and the mixture was neutralized 
with a 1 N aqueous sodium hydroxide solution, followed by extraction with ethyl acetate. The organic layer was 
washed with saturated saline and dried over magnesium sulfate. The solvent was removed under reduced pressure 
to give 42 mg (100%) of N-[2-(4-hydroxyphenyl)-2-(pyridin-3-yl) ethyl] -[5-(9-fluorenylmethyloxycarbonyl)-4,5,6,7-tet- 
rahydrothieno[3,2-c]pyridin-2-yl]formamide. 

50 

FABMS (m/z):602 (M + +1) 

(k) The compound (42 mg) prepared in the above step (j) was dissolved in N,N-dimethylformamide (1 ml). Anhy- 
drous potassium carbonate (9.7 mg) and bromoethyl acetate (7.8 ul) were added to the solution, and the mixture 
55 was stirred at room temperature overnight Water was added to the reaction solution, followed by extraction with 
ethyl acetate. The organic layer was washed with saturated saline and dried over magnesium sulfate, and the sol- 
vent was removed under reduced pressure to give 40 mg (83.3%) of ethyl [4-[2-[[5-(9-f luorenylmethyloxycarbonyl)- 
4 p 5,6,7-tetrahydrothieno[3,2-c]pyridin-2^ 
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ESIMS (m/z): 688 (M + + 1) 
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Example 11 



15 ^SSSiST^^ 1 ' J* **^ ^ 



[0066] 



0~COOH 
TFA 



FABMS (m/z): 370 (M + + 1) 

■Vteni™) feofttenri oxyaeiae 10 175 mg (71.1%) of Hxityl 214K2 1 *« ) Jme«««H<H1W)iyl C a*0- 

S^SS&'ffiif 3 « 3H - * 4 56 * 5 26 « * « « * ^ - « *>■ WM. 
so TSPMS (nVz): 414 (M + + 1) 

^S^X^s^^j^s w was d r^ in 1,4 - dioxane (5 m »- 10% »»■■*»"- 

55 vent for the reaction was removed urte^^ZI- f a " ad,um " Carbon was removed by filtration. The sol- 
(n^a^ethyljph^o^cir * 9W ° 113 mQ (949% > * ^ ^-hydroxy*- 
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Hz), 7.30 (2H, d, J = 9.0 Hz) 
FABMS (nVz):282 (M + +1) 

(d) 5-t-Butoxycarbonyl-4,5,6,7-tetrahydrothieno[3,2-c] pyridine-2-carboxylic acid (1 15 mg) was dissolved in methyl- 
ene chloride (5 ml). BOP (197 mg) was added to the solution, and the mixture was stirred at room temperature for 
one hr. A solution of the compound (113 mg), prepared in the above step (c), in methylene chloride (2 ml) was 
added to the stirred solution. Diisopropylethylamine (155 was added thereto, followed by stirring at room tem- 
perature overnight. Water was added to the reaction solution, and the mixture was extracted with methylene chlo- 
ride. The organic layer was washed with saturated saline and dried over magnesium sulfate. The solvent was 
removed under reduced pressure. The residue was purified by PTLC (Merck 5744, n-hexane : ethyl acetate = 1 : 
1) and elution with ethyl acetate to give 90 mg (40.7%) of t-butyl [4-[2-{[[5-(t-butoxycarbonyl)-4,5,6,7-tetrahydroth- 
ieno[3,2-c]pyrkjin-2-yfJcartttnyq-N-m oxyacetate. 

1 H-NMR (CDCI3) 8: 1.49 (18H, s), 2.86 (2H. brs). 3.14 (3H. s), 3.41 (2H, s), 3.72 (2H, d. J = 5.8 Hz), 4.47 (2H, 
s), 4.52 (2H, s). 4.98 (1H, brs), 6.89 (2H. d, J = 8.1 Hz). 7.12 (1H, s). 7.32 (2H. d, J = 8.1 Hz) 
TSPMS (m/z): 547 (M + +1) 

(e) The compound (90 mg) prepared in the above step (d) was dissolved in dehydrated tetrahydrofuran (2.5 ml). 
Triphenylphosphine(67 mg), diethyl azodicarboxylate (38 uJ), and 3-hydroxypyridine (16 mg) were added to the 
solution, and the mixture was stirred at room temperature overnight. The solvent was removed under reduced pres- 
sure, water was added to the residue, followed by extraction with ethyl acetate. The organic layer was washed with 
saturated saline and dried over magnesium sulfate. The solvent was removed under reduced pressure. The residue 
was purified by PTLC (Merck 5744, ethyl acetate) and elution with ethyl acetate to give 34 mg (33.1%) of t-butyl [4- 
[2-[[[5-{t-butoxycarbonyl)-4^ 

yl)oxy]ethyQphenyl]oxyacetate. 

1 H-NMR (CDCI 3 ) 6: 1.47 (9H, s), 1.49 (1H, s), 2.84 (2H, brs), 3.28 (3H, s). 3.72 (2H, brs), 3.72 (1H, brs), 3.95 
(1H, brs), 4.46 (2H, S), 4.50 (2H, s). 5.55 (1H, brs), 6.88 (2H, d, J = 8.8 Hz), 7.08 (2H, d, J = 8.8 Hz), 7.10 (1H, 
S), 7.34 (2H, d, J = 8.0 Hz), 8.14 (1H, m), 8.28 (1H, s) 
TSPMS (m/z): 624 (M + +1) 

(f) The compound (101 mg) prepared in the above step (e) was dissolved in methylene chloride (1 ml). Anisole (0.1 
ml) was added to the solution. Trrfluoroacetic acid (1 ml) was added thereto under ice cooling, and the mixture was 
stirred for 2.5 hr. The solvent for the reaction was removed under reduced pressure. The residue was dissolved in 
water, and the solution was washed with isopropyl ether and lyophilized to give 104 mg (92.3%) of the title com- 
pound. 1 H-NMR (D 2 0) 6: 3.00 (2H, m), 3.08 (3H, s), 3.39 (2H, m), 4.12 (2H, m), 4.56 (2H, s), 4.65 (2H, s), 5.59 (1H, 
m), 6.71 (1H, s). 6.82 (2H, d, J = 8.8 Hz), 700 (1H, s), 7.28 (2H, d, J = 8.8 Hz), 7.71 (1H, dd, J = 5.6, 8.8 Hz), 7.85 
(1H, m), 8.12 (1 H, dd, J = 5.6. 10.8 Hz) 

TSPMS (m/z):468(M + + 1) 



[4^-(Pyridvl-3-ylmethyl)-2-r[(4.5^ acid tri- 

fluoroacetate 
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(a) 5-t-Butoxycart>ony|.4,5,6,7-tetrahydrothieno [3,2-c]pyridine-2-cart>oxylic acid (1.01 g) was suspended in meth- 
ylene chloride (1 ml). Anisole (0.5 ml) and trifluoroacetic acid were added to the suspension. The mixture was 
stirred at room temperature for one hr. Diisopropyl ether was added to the reaction solution. The precipitated crystal 
was collected by filtration to give 1 .10 g (96.0%) of 4 > 5,6,7-tetrahydrothieno[3,2<]pyridine-2-carbonylic acid trifluor- 
oacetate. 

1 H-NMR(DMSOk1 6 ) 8: 3.16(2H, t, J = 6.0 Hz), 3.88 (2H, t, J = 6.0 Hz) ( 4.43(2H, s), 7.62(1H, s) 

(b) The compound (1 .07 g) prepared in the above step (a) was suspended in methylene chloride (22 ml). Diisopro- 
pylethylamine (3 ml) and 9-fluorenylmethylchloroformate (1.13 g) were added to the suspension under ice cooling, 
and the mixture was stirred for 2.5 hr. The reaction solution was poured in an aqueous ammonium chloride solution 
0.1 N Hydrochloric acid was added thereto, followed by extraction with ethyl acetate. The organic layer was dried 
over sodium sulfate. The solvent was removed under reduced pressure. The residue was purified by column chro- 
matography on silica gel (100 g, methylene chloride : methanol = 20 : 1 to 10 : 1) to give 445 mg (31 0%) of 5-(9- 
fluorenylme%loxycartonyl)-4,5£ 

1 H-NMR (CDCI 3 ) 8: 2.80 (2H, s) 3.72 (2H, brs). 4.26 (1H, s), 4.38 (1H, s), 4.54 (3H, s), 7.23-7.45 (5H m) 7 56 
(2H, s), 7.72 (2H, brd, J = 27.6 Hz) 
EIMS (m/z): 405 (M + ) 

(c) 4-Hydroxybenzyl cyanide (4.02 g) was dissolved in methylene chloride (40 ml). Diisopropylethylamine (8.1 ml) 
and chloromethyl methyl ether (2.4 ml) were added to the solution under ice cooling. The mixture was stirred for 24 
hr while raising the temperature to room temperature. Water was added to the reaction solution under ice cooling, 
followed by extraction with methylene chloride. The organic layer was washed with an 1 N aqueous NaOH solution 
water, and saturated saline in that order and dried over magnesium sulfate. The solvent was removed under 
reduced pressure. The residue was purified by flash column chromatography on silica gel (130 g, hexane ■ ethyl 
acetate 3 : 1) to give 4.27 g (80.3%) of 2-[4-(methoxymethoxy)phenyl]ethanenitrile. 

1 H-NMR (CDCI 3 ) 8: 3.48 (3H, s), 3.70 (2H, s), 5.18 (2H, S), 7.04 (2H, d, J = 8.7 Hz), 7.25 (2H, d, J = 8 7 Hz) 
30 TSPMS(m/z):209(lvl + +1) 

(d) The compound (4.26 g) prepared in the above step (c) was dissolved in ethanol (50 ml). A solution of sodium 
ethoxide (165 mg) in ethanol (10 ml) was added to the solution, and the mixture was stirred at room temperature 
for 4 hr. About 30 ml of ethanol was removed under reduced pressure. The precipitated crystal was collected by 
filtration. The filtrate was concentrated. Water was added to the concentrate, followed by extraction with methylene 
chloride. The organic layer was washed with saturated saline and dried over sodium sulfate. The solvent was 
removed under reduced pressure. The resultant crystal was recrystallized from ethanol : hexane to give 5 44 g 
(87. 1 %) of 2-[4-(methoxymethoxy)phenyl]-2-(pyridin-3-ylmethylene)ethanenitrile. 

1 H-NMR (CDCI3) 8: 3.50 (3H, s), 5.23 (2H, s), 7.1 1 (2H, d, J * 9.0 Hz), 7.40-7.44 (2H, m) 7 63 (2H d J = 9 0 
Hz), 8.44-8.48 (1H, m), 8.63 (1H, dd, J = 1.7. 4.9), 8.82 (1H, d J = 1 7) 
TSPMS (m/z): 267 (M + +1) 

(e) The compound (1.06 g) prepared in the above step (d) and cobalt(ll) chloride hexahydrate (1.9 g) were o5s- 
45 solved in methanol (40 ml). Sodium borohydride (1 .51 g) was added to the solution under ice cooling. The mixture 

was stirred at room temperature for 1 .5 hr. Further, sodium borohydride (760 mg) was added thereto under ice cool- 
ing, and the mixture was stirred at room temperature for one hr. Water was added to this solution, and methanol 
was removed under reduced pressure. The residue was saturated with salt, followed by extraction with ether The 
organic layer was dried over sodium sulfate. The solvent was removed under reduced pressure to give 860 mg 
so (78.9%) of 3-[4-(methoxymethoxy)phenyl]-3-(pyridin-3-ylmethylene)ethylamine. 

FABMS (m/z):273(M + + 1) 

(f) The compound (1.13 g) prepared in the above step (b) was dissolved in dimethylformamide (20 ml). BOP (1 47 
g) and diisopropylethylamine (1 .2 ml) were added to the solution under ice cooling, and the mixture was stirred for 
0.5 hr. A solution of the compound (850 mg), prepared in the above step (e), dissolved in dimethylformamide (8 ml) 
was added thereto at the same temperature.and the mixture was stirred for 2.5 hr. Water was added to the reaction 
solution under ice cooling, followed by extraction with ethyl acetate. The organic layer was washed with an aqueous 
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saturated sodium bicarbonate solution and saturated saline and dried over magnesium sulfate. The solvent was 
removed under reduced pressure. The residue was purified by flash column chromatography on silica gel (100 g, 
methylene chloride : methanol = 30 : 1) to give 1.10 g (53.4%) of N-[[5-(9-fluorenylmethyloxycarbonyl)-4,5,6,7-tet- 
rahydrothieno[3,2-clpyridin-2-y0rarto 

5 

1 H-NMR (CDCI 3 ) 8: 2.75 (2H, brs), 2.86-2.96 (1H, m), 2.98-3.07 (1H, m), 3.47 (3H, s, coincident with brs, 1H) t 
3.71 (2H, brs). 3.93 (1H, brs). 4.25 (1H. brs). 4.35 (1H. brs). 4.49 (3H. brs), 5.15 (2H. s), 5.70 (1H, bit J = 14.3 
Hz), 6.98 (2H, d. J * 8.5 Hz. coincident with s, 1 H). 7.06 (2H. brs), 7.13 (1 H, dd. J = 4.9. 7.8 Hz), 7.20-7.43 (5H, 
m). 7.55 (2H. brs). 7.66 (1H. brs), 7.76 (1H, brs). 8.29 (1H, brs), 8.39 (1H, brd, J = 4.4 Hz) 
10 FABMS (m/z): 660 (M + + 1 ) 

(g) The compound (1.32 g) prepared in the above step (f) was cfissoh/ed in tetrahydrofuran (20 ml). Concentrated 
hydrochloric acid (0.5 ml) was added to the solution. The mixture was heated under reflux with stirring for 2 nr. The 
reaction solution was concentrated, and an aqueous saturated sodium bicarbonate solution was added to the con- 

75 centrate. followed by extraction with methylene chloride. The organic layer was dried over sodium sulfate. The sol- 
vent was removed under reduced pressure to give 1 .29 g (100%) of N-[[5-(9-fluorenylmethyloxycarbonyl)-4,5.6.7- 
tetrahydrothieno[3,2-c]pyridin-2-y1]car^ 

ESIMS(m/z):616(M + + 1) 

20 

(h) The compound (40 mg) prepared in the above step (g) was dissolved in dimethylformamide (0.7 ml). Potassium 
carbonate (28 mg) and di-t-butyl dicarbonate (32 nl) were added to the solution, and the mixture was stirred at room 
temperature for 3 hr. Water was added to the reaction solution, followed by extraction with ethyl acetate. The 
organic layer was washed with saturated saline and dried over sodium sulfate. The solvent was removed under 

25 reduced pressure. The residue was purified by PTLC (Merck 5744, methylene chloride : methanol = 10 : 1) and elu- 
tion with methylene chloride : methanol = 10 : 1 to give 22.3 mg (57.8%) of N-[[5-(t-butyloxycarbonyl)-4,5,6,7-tet- 
rahydrothieno [3,2-c]pyridin-2-y0rarbonyf]-3-(4-t-buty^^ 

1 H-NMR (CDCI3) 6: 1.47 (9H, s). 1.56 (9H, S), 2.82 (2H.brs). 2.87-2.94 (1H, m), 3.00-3.08 (1H, m), 3.19-3.28 
30 (1H. m), 3.38-3.47 (1H, m), 3.69 (2H, brs), 3.89-3.97 (1H, m), 4.42 (2H, s. ), 5.71 (1H, brs), 6.99 (1H, s), 7.10- 

7.17 (5H, m), 7.35 (1H, d, J = 7.8 Hz), 8.32 (1H, brs), 8.39 (1H, brs) 
TSPMS (m/z): 594 (M + + 1) 

(i) The compound (20 mg) prepared in the above step (h) was dissolved in methanol (0.5 ml). A 1 N aqueous 
35 sodium hydroxide solution (40 \A) was added to the solution, and the mixture was stirred at room temperature for 

1 .5 hr. Further, a 1 N aqueous sodium hydroxide solution (27 ul) was added thereto, and the mixture was stirred at 
room temperature for 20 hr. The reaction solution was concentrated. Water was added to the residue. The mixture 
was acidified by the addition of 1 N Hydrochloric acid, and an aqueous saturated sodium bicarbonate solution was 
added thereto. The mixture was extracted with methylene chloride. The organic layer was dried over sodium sul- 
40 fate. The solvent was removed under reduced pressure to give 16.5 mg (99.2%) of N-[[5-(t-butyloxycarbonyl)- 
4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-yl]carto 

1 H-NMR (CDCI3) 5: 1.47 (9H, s). 2.78-2.90 (3H. m). 3.00-3.14 (2H, m), 3.37-3.48 (1H. m). 3.60-3.75 (2H, m). 
3.90-3.98 (1 H, m), 4.38 (2H, s), 6.72 (2H, d, J = 8.5 Hz), 6.90 (2H, d, J = 8.5 Hz), 6.97 (1H, brs), 7.16 (1H, brt, 
45 J = 6.2 Hz), 7.42 (1 H, d, J = 7.8 Hz), 8.05 (1 H, brs), 8.32 (1 H, brs) 

TSPMS (m/z): 494 (M + + 1) 

(j) The compound (70 mg) prepared in the above step (i) was dissolved in acetone (1.4 ml). Potassium carbonate 
(29 mg) and t-butyl bromoacetate (25 uJ) were added to the solution, and the mixture was stirred at room temper- 

50 ature for 3 days. Water was added to the reaction solution. Acetone was removed under reduced pressure, and the 
residue was extracted with methylene chloride. The organic layer was washed with saturated saline and dried over 
sodium sulfate. The solvent was removed under reduced pressure. The residue was purified by PTLC (Merck 5744, 
methylene chloride : methanol = 20 : 1) and elution with methylene chloride : methanol = 10 : 1 to give 37 mg 
(42.9%) of t-butyl [4-[2-[R5-(t-butoxyraroonyl)-4,5^ 

55 din-3-ylmethylene)ethyl]phenyl]oxyacetate. 

1 H-NMR (CDCI3) 6: 1 .47 (9H, S), 1 .48 (9H, S), 2.78-2.91 (3H, m), 3.02 (1 H, dd, J = 6.1 , 13.9 Hz), 3.09-3.19 (1 H, 
m), 3.37-3.46 (1 H, m), 3.69 (2H, brs), 3.88-3.97 (1 H, m), 4.42 (2H, s). 4.49 (2H, s), 5.68 (1 H, brs), 6.83 (2H, d, 
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J = 8.5 Hz), 7.00 (1H, s), 7.05 (2H, d, J = 8.5 Hz), 7.10 (1H, dd, J = 4.9. 7.6 HzV 7.30-7.35 f1H. mY 8.29 MH. 
brs), 8.37 (1H,brd, J = 3.7 Hz) 
TSPMS (m/z):608(M + + 1) 

(k) The compound (37 mg) prepared in the above step Q) was dissolved in methylene chloride (1 ml). Anisole (40 
*il) and trifluoroacetic acid (140 uJ) were added to the solution under Ice cooling. After 2.5 hr, trifluoroacetic acid (90 
nl) was added thereto, and, after one hr, trifluoroacetic acid (270 nl) was added thereto. The mixture was stirred for 
2.5 hr. Water was added to the concentrated reaction solution, and the mixture was washed with diisopropyl ether 
and ether. The aqueous layer was lyophilized to give 35 mg (84.6%) of the title compound. 

1 H-NMR (DMSO) 6: 2.87-2.95 (1H, m), 2.98-3.13 (3H, m), 3.18-3.27 (1H, m). 3.34-3.50 (4H, m), 4.17 (2H, s) 
4.58 (2H, s), 6.77 (2H, d, J = 8.8 Hz), 7.09 (2H, d, J = 8.8 Hz), 7.46 (1H, brs), 7.73 (1H, brd, J = 7.8 Hz) 8 50 
(1 H, brt, J = 5.7 Hz), 9.06 (1 H, brs) 
TSPMS (m/z):452(M + + 1) 

Ex ample 1 3 

f4-f 1 -(lmidazol-1 -yl)-2-fr(4,5,6 J-tetrarwdrothienof3.2-clDvrid in-2-vnc^fbonvnamino1ethvl1phenvnoxvacetic acid trrtluor- 
oacetate 

[0068] 




(a) 4-Hydroxyacetophenone (16.3 g) was dissolved in acetone (300 ml). Potassium carbonate (19.9 g) and methyl 
bromoacetate (1 1 .6 ml) were added to the solution. The mixture was stirred at room temperature for 1 .5 hr and fur- 
ther heated under reflux for one hr with stirring. Insolubles were removed by suction filtration, and the solvent was 
removed under reduced pressure. Water was added to the residue, followed by extraction with ethyl acetate. The 
organic layer was washed with saturated saline and dried over magnesium sulfate. The solvent was removed under 
reduced pressure. The residue was recrystallized from ether-hexane to give 23.1 g (93.0%) of methyl (4-acetylphe- 
nyl)oxyacetate. 

1 H-NMR (CDCI 3 ) 8: 2.56 (3H. s), 3.82 (3H, s), 4.71 (2H, s). 6.94 (2H, d. J - 8.8 Hz), 7.94 (2H, d, J = 8 8 Hz) 
TSPMS (m/z): 209 (M + + 1) 

(b) The compound (1 0.0 g) prepared in the above step (a) was dissolved in tetrahydrof uran (120 ml). Triethylamine 
(13.4 ml) and trimethylsilyl trifluoromethnnesulfonate (9.6 ml) were added to the solution under ice cooling. The 
mixture was stirred under ice cooling for 30 min. The solvent was removed under reduced pressure. The residue 
was decanted with ether, and ether was removed under reduced pressure. The residue was dissolved in tetrahy- 
drof uran (12.0 ml). N-Chlorosuccinimide (7.07 g) was added to the solution under ice cooling, and the mixture was 
stirred for 2 hr. Water was added to the reaction solution under ice cooling. Tetrahydrofuran was removed under 
reduced pressure, followed by extraction with ethyl acetate. The organic layer was washed with 10% sodium thio- 
suKate, an aqueous saturated sodium bicarbonate solution, and saturated saline in that order and dried over mag- 
nesium sulfate. The solvent was removed under reduced pressure. The residue was purified by flash column 
chromatography on silica gel (350 g, methylene chloride) to give 11.2 g (97.0%) of methyl (4-chloroacetylphe- 
nyl)oxyacetate. 

1 H-NMR (CDCI3) 8: 3.82 (3H, s), 4.64 (2H, s). 4.72 (2H, s), 6.97 (2H, d, J - 9.0 Hz), 7.96 (2H, d, J = 9 0 Hz) 
TSPMS (m/z): 243, 245 (M + + 1 , M + + 3) 
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(c) The compound (8.98 g) prepared in the above step (b) was suspended in methanol (100 ml). Sodium borohy- 
dride (400 mg) was added to the suspension under ice cooling. The mixture was stirred under ice cooling for one 
hr. A 10% aqueous ammonium chloride solution was added to the reaction solution under ice cooling, followed by 
extraction with ethyl acetate. The organic layer was washed with saturated saline and dried over magnesium sul- 

5 fate. The solvent was removed under reduced pressure to give 1 1.2 g (97.0%) of methyl [4-(2-chloro-1-hydroxye- 
thyl)phenyl]oxyacetate. 

1 H-NMR (CDCI 3 ) 5: 2.60 (1H, d, J = 2.9 Hz), 3.62 (1H, dd, J = 8.8, 11.2 Hz), 3.71 (1H, dd, J = 3.7 f 11.2 Hz), 
3.81 (3H, s), 4.64 (2H, s), 4.83-4.88 (1H. m), 6.93 (2H, d, J = 8.8 Hz), 7.32 (2H, d. J = 8.8 Hz) 
10 FABMS (m/z): 244, 246 (M + + 1 , M++3) 

(d) The compound (5.00 g) prepared in the above step (c) was dissolved in dimethylformamide (25 ml). Sodium 
azide (3.32 g) was added to the solution. The mixture was stirred at 90°C for 5.5 hr. Further, sodium azide (663 mg) 
was added thereto, and the mixture was stirred at 90°G for 1 .5 hr. Water was added to the reaction solution under 

15 ice cooling, followed by extraction with ethyl acetate. The organic layer was washed with saturated saline and dried 
over magnesium sulfate. The solvent was removed under reduced pressure. The residue was purified by flash col- 
umn chromatography on silica gel (230 g, methylene chloride : ethyl acetate = 20 : 1) to give 4.91 g (95.8%) of 
methyl [4-(2-azido-1 -hydroxyethyl)phenyl]oxyacetate. 

20 1 H-NMR (CDCI3) 8: 2.32 (1H, brd, J = 3.2 Hz), 3.40 (1H, dd, J = 4.2, 12.7 Hz), 3.47 (1H, dd, J = 8.0, 12.7 Hz), 

3.81 (3H, s), 4.64 (2H, s). 4.81-4.87 (1H, m), 6.91 (2H, d, J = 8.8 Hz), 7.31 (2H, d, J = 8.8 Hz) 
FABMS (m/z): 251 (M + ) 

(e) The compound (2.35 g) prepared in the above step (d) was dissolved in methylene chloride (10 ml). Thionyl 
25 chloride (750 uJ) was added to the solution under ice cooling. The mixture was stirred at room temperature for one 

hr. The solvent was removed under reduced pressure to give 2.42 g (96.0%) of methyl [4-(2-azido-1-chloroe- 
thyl)phenyl]oxyacetate. 

1 H-NMR (CDCI3) 6: 3.66 (1H, dd, J = 6.3, 12.9 Hz), 3.73 (1H, dd, J = 7.6, 12.9 Hz), 3.81 (3H, S), 4.65 (2H, s), 
30 4.94 (1 H, t J = 6.8 Hz), 6.91 (2H ( d, J = 8.8 Hz), 7.34 (2H, d, J = 8.8 Hz) 

FABMS (m/z): 269. 271 (M + + 1, M + + 3) 

(f) The compound (945 mg) prepared in the above step (e) was dissolved in toluene (8.5 ml). Imidazole (2.38 g) 
was added to the solution, and the mixture was stirred at 70°C for 22 hr. Water was added to the reaction solution, 

35 followed by extraction with ethyl acetate. The organic layer was washed with water and saturated saline and dried 
over sodium sulfate. The solvent was removed under reduced pressure. The residue was purified by flash column 
chromatography on silica gel (40 g, methylene chloride : methanol = 50 : 1) to give 641 mg (60.8%) of methyl [4-[2- 
azido-1 -(imidazol-1 -yl)ethyl]phenyl]oxyacetate. 

40 1 H-NMR (CDCI3) 8: 3.81 (3H, s), 3.90-4.00 (2H, m), 4.64 (2H, s, ), 5.27-5.31 (1H, m), 6.91 (2H, d. J = 8.8 Hz), 

6.97 (1H, s), 7.12 (1H, s), 7.15 (2H, d, J = 8.8 Hz), 7.66 (1H, s) 
TSPMS (m/z): 302 (M + +1) 

(g) The compound (80 mg) prepared in the above step (f) was dissolved in methanol (2 ml). 10% palladium-carbon 
45 (10 mg) was added to the solution. The mixture was stirred in a hydrogen atmosphere under atmospheric pressure 

for 1 .5 hr. The reaction solution was filtered, and the filtrate was concentrated to give 62 mg (84.7%) of methyl [4- 
[2-amino-1 -(imidazol-1 -yl)ethyl]phenyl]oxyacetate. 

1 H-NMR (D 2 0) 5: 1.72 (2H, brs), 3.34-3.47 (2H, m), 3.81 (3H, s), 4.63 (2H, s), 5.07-5.15 (1H, m), 6.89 (2H, d, 
so J = 8.8 Hz), 6.99 (1H, s), 7.12 (1H, s), 7.40 (2H, d, J = 8.8 Hz), 7.62 (1H, s) 

TSPMS (m/z): 276 (M + + 1) 

(h) 5-t-Butoxycarbonyl-4,5,6,7-tetrahydrothieno[3.2-c]pyridine-2-^rboxylic acid (58 mg) was dissolved in dimethyl- 
formamide (0.5 ml). BOP (99 mg) and triethylamine (60 ul) were added to the solution under ice cooling. The mix- 

55 ture was stirred for 0.5 hr. A solution of the compound (56 mg), prepared in the above step (g), in 
dimethylformamide (0.5 ml) was added thereto at the same temperature. The mixture was stirred for 21 hr while 
raising the temperature to room temperature. Ethyl acetate and a 1 0% aqueous potassium carbonate solution were 
added to the reaction solution under ice cooling. The organic layer was separated and washed with saturated 
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20 



25 



30 



35 



saline. The organic layer was dried over sodium sulfate. The solvent was removed under reduced pressure The 
residue was purified by column chromatography on silica gel (6 g, methylene chloride : methanol * 40 - 1 to 30 - 1) 

£? u' 3) 8: 148 (9H> S) ' 2 83 (2K brs) ' 3 " 70 < 2H - brs >' 3 81 < 3H - s >. 3-80-3.89 (1H, m). 4.21-4.30 (1H 

n ? , ^?,X i ^ (2H ' S) ' 5K (1H> dd ' J = 5 ' 1 ' 9 5 HZ >" 691 < 2H ' d ' J - 88 H2 >- 6 -9 8 dH. S), 7.10 1H 
s),7.11 (1H,s).7.19(2H.d,J = 8.8H2).7.56(1H,s) 
TSPMS (m/z): 541 (M + + 1) 

0) The compound (87 mg) prepared in the above step (h) was dissolved in methanol(1 .6 ml). A 1 N aqueous sodium 
hydrox.de solution (320 „l) was added to the solution at room temperature, and the mixture was stirred for one hr 
The reaction solution was concentrated. Water was added to the concentrate. The mixture was washed with ether 
The aqueous layer was adjusted to pH = 4 by the addition of acetic acid and saturated with salt, followed by extrac- 
ts with n-butanol. The organic layer was dried over sodium sulfate. The solvent wag removed under reduced pres- 
sure^ Water was added to the residue, and the resultant precipitate was collected by filtration to give 43.5 mg 
i • i «. «u n [ ■ (,m,da20 '- 1 -y0-2-n5-(t-birtoxyca*onyt)-4,5,6,7^ 

ylamino]ethy1]phenyl]oxyaceticacid. M y| ^ Bon 




°i JLwT 5 ( m9) Prepar6d in above step (i) was s "spended in methylene chloride (1 ml). Anisole (40 
id) and tnfluoroacetic acid (170 jd) were added to the solution under ice cooling. The mixture was stined at room 
temperature for one hr. The reaction solution was concentrated. Water was added to the concentrate. The mixture 
was washed with diisopropyl ether and ether. The aqueous layer was lyophilized to give 42 mg (100%) of the title 
compounQ . 

1 H-NMR (CD 3 OD) 8: 3.16 (2H. t. J = 6.1 Hz), 3.54 (2H. t. J = 6.1 Hz). 4.02 (1H, dd. J = 5.6. 14 1 Hz) 4 26 (2H 

fi'u f 9 , (1H ' **' J = 9 5 ' 141 4 64 (2H ' S >' 5 74 - 5 - 80 < 1 H - m >- 7 °° (2H, d. J = 8.8 Hz). 7.37 (1H s) 7 42 
(2H. d.J = 8.8 Hz). 7.45 (IH.brs). 7.64 (IH.brs). 8.91 (IH.brs) "V».S),fAZ 

FABMS (m/z): 427 (M + + 1) 



Example 14 

f4-[1-(lmidazol-1 •yl)-?-[4.(piperidin-4-vn-?-OXODiner a 7in-1 -vq o thvnohonvnnvy aoetic ac fcj triflunrna^t., 
40 [0069] 




0~COOH 



so 



55 



(a) t-Butyl [4-rT4-(p ipe r.d.n^-yl)-2-oxopiperazin-1 -y1]acetyl]phenyl]oxyacetate (1 .06 g. WO 9602503) was dissolved 
in mettianol (10 ml). Sodium borohydride (30.3 mg) was added to the solution under ice cooling. The mixture was 
^ tempe [ atu ! 1 e for 2 hr Further - s^"" 1 borohydride (37.8 mg) was added thereto under ice cooling 
and the mixture was stirred at room temperature for 1 .5 hr. Water was added to the reaction solution. Methanol was 
^^lr PreSSUre ' follOWed by extraction with chloroform. The organic layer was washed with sat- 

urated saline and dried over magnesium sulfate. The solvent was removed under reduced pressure The residue 
was purified by column chromatography on silica gel (30 g. chloroform : methanol = 70 : 1) to give 823 mg (77 1%) 
of t-butyl [4-[1 -hydroxy-2-[4-(piperidin-4-yl)-2-oxopiperazin-1 -yl]ethyl]phenyt]oxyacetate 
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1 H-NMR (CDCI3) 5: 1.31-1.44 (2H, m), 1.46 (9H, s), 1.49 (9H, s), 1.77 (2H, brd, J = 13.6 Hz), 2.35-2.44 (1H, 
m), 2.53-2.80 (4H, m), 3.00-3.09 (1H, m). 3.21-3.37 (3H. m), 3.51-3.63 (2H, m), 4.10 (2H, brs), 4.42 (1H, d, J 
« 3.6 Hz), 4.51 (2H, s), 4.94-5.01 (1H, m), 6.88 (2H, d. J = 8.6 Hz), 7.30 (2H, d, J = 8.6 Hz) 
FDMS (m/z): 533 (M + ) 

5 

(b) The compound (492 mg) prepared in the above step (a) was dissolved in methylene chloride (2 ml). Thionyl 
chloride (70 uJ) was added to the solution under ice cooling. The mixture was stirred at room temperature for 15 
min and further stirred at 40 to 45°C for 1 nr. The solvent was removed under reduced pressure. Toluene (1.5 ml) 
and imidazole (188 mg) were added to the residue. The mixture was heated under reflux with stirring for 5 hr. To 

10 the reaction solution was added 0.5 N hydrochloric acid. The mixture was washed with ether. The aqueous layer 
was rendered alkaline by the addition of potassium carbonate, followed by extraction with methylene chloride. The 
organic layer was washed with saturated saline and dried over sodium sulfate. The solvent was removed under 
reduced pressure. The residue was purified by column chromatography on silica gel (1 7 g. methylene chloride : 
methanol = 30 : 1 to 15 : 1) to give 98 mg (18.3%) of t-butyl [4-[1-(imidazol-1-yl)-2-[4-(piperidin-4-yl)-2-oxopiperazin- 

15 1 -yl]ethyQphenyI]oxyacetate. 

1 H-NMR (CDCI3) 8: 1.26-1.40 (2H, m), 1.45 (9H, s), 1.48 (9H, s), 1.73 (2H, brd. J = 11.9 Hz), 2.31-2.40 (1H, 
m), 2.42-2.50 (1H, m), 2.51-2.64 (2H, m), 2.71 (2H, brt, J = 12.2), 3.01-3.09 (1H, m), 3.25 (2H, q, J = 16.3 Hz), 
3.65 (1H, dd, J = 10.0. 13.6 Hz), 4.10 (2H, brs), 4.21 (1H, dd, J = 4.9, 13.6 Hz), 4.51 (2H, s), 5.60 (1H, dd, J = 
20 4.9, 10.0 Hz), 6.89 (2H, d, J = 8.8 Hz), 6.96 (1H, s), 7.08 (1H, s), 7.20 (2H, d, J = 8.8 Hz), 7.56 (1H, s) 

TSPMS (m/z): 541 (M + +1) 

(c) The compound (95 mg) prepared in the above step (b) was dissolved in methylene chloride (1 .6 ml). Anisole (35 
ill) and trrfiuoroacetic acid (130 ul) were added to the solution under ice cooling. After 1.5 hr, anisole (35 and 

25 trifluoroacetic acid (130 uJ) were added thereto, and, in addition, one hr after that, trrfiuoroacetic acid (130 uJ) was 
added thereto. The mixture was stirred at room temperature for 4.5 hr. The reaction solution was concentrated. 
Water was added to the concentrate. The mixture was washed with diisopropyl ether and ether. The aqueous layer 
was lyophilized to give 85 mg (79.8%) of the title compound. 

30 1 H-NMR (CDCI3) 8: 1.66-1.80 (2H, m), 2.21 (2H, brd, J = 13.6 Hz), 2.96 (2H, brd, J = 12.4 Hz), 3.16-3.35 (3H, 

m), 3.38-3.53 (4H, m), 3.70 (2H, s). 3.99 (1H, dd, J = 7.3, 14.1 Hz), 4.49 (1H, dd. J = 8.3. 14.1 Hz), 4.58 (2H, 
s), 5.80 (1 H, t J = 7.8 Hz), 6.95 (2H, d, J = 8.8 Hz), 6.92-7.00 (3H, m), 7.53 (1 H, s), 8.74 (1H, s) 
FABMS (m/z): 428 (M + +1) 

35 Test 1 

Inhibitory activity against platelet aggregation 

[0070] The inhibitory activity of the compound according to the present invention against platelet aggregation was 

40 examined with human PRP (platelet rich plasma). 

[0071] Nine volumes of a blood sample was taken out of the vein of a normal male human being with a syringe in 
which one volume of a 3.8% sodium citrate solution was charged. The blood sample was centrifuged at 1 70 x g at room 
temperature for 10 min. The supernatant thus obtained was isolated as PRP. The residual blood sample that PRP had 
been taken out was centrifuged at 2,700 x g for 1 5 min. The supernatant was then taken as platelet poor plasma (PPP). 

45 [0072] A platelet aggregation test was carried out with an aggligometer (PAM-8C. manufactured by MEBANICKS Co. 
Ltd.). Compounds under test were dissolved in physiological saline, 0.1 N hydrochloric acid-physiological saline, or 1 N 
aqueous sodium hydroxide solution-physiological saline. The compound under test and PRP were preincubated for 2 
min. An aggregation inducer ADP (CHRONO-PAR REAGENTS 384 ADP, CHRONO-LOG Corp.) was used after dilution 
with physiological saline to a final concentration of 5 pM. 

so [0073] The anti-platelet aggregation activity was determined as an inhibition rate to platelet aggregation effect of ADP 
in the absence of a compound under tent as follows. 

Anti-platelet aggregation activity (%) = [1 - (aggregation rate by ADP in the presence of test 
compound/aggregation rate by ADP in the absence of test corhpound)] x 100 

55 

[0074] The inhibitory activity of the compounds of the present invention against platelet aggregation was as follows. 
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Compound No. of Ex. 


'Cso (uM) 


1 


4.4 


2 


9.3 


3 


0.36 


4 


0.14 


5 


0.28 


6 


0.071 


7 


0.093 


8 


0.031 



Test 2 



20 Inhibitory activity against binding between platelet GPllh/llla and fbrinnnsn 

[0075] The inhibitory activity of the compounds of the present invention against binding between platelet GPIIb/IIla 
and fibrinogen was examined by means of a human platelet GPIIb/IIla solid phase receptor binding experiment system 
using a biotinylated human fibrinogen as a ligand. 

[0076] At the outset, human platelet GPIIb/IIla was purified according to a method established by Pytela R et al (Sci- 
ence, 231 , 1559-1561 (1986)). Specifically, platelets collected from a normal human being was washed with TBS (0 15 
NaC,/50 Tris - HCI b"Hw (PH 7.5)) containing 0.2% (w/v) glucose. To the resultant pellet was added an equal 
amount of TBS containing 50 mM octylglucoside and 2 mM PMSF, followed by solubilization of membrane protein at 
4°C for 20 mm. The extract was centrifuged under conditions of 4°C, 3500 x g, and 20 min. To the supernatant were 
added 1 mM CaCI 2 and 1 mM MgCI 2 . Thus, a sample for affinity chromatography was prepared. The solubilized protein 
solution was adsorbed on a GRGDSPK-Sepharose column which had been previously equilibrated with TBS containing 
50 mM octylglucoside, 1 mM CaCI 2 . and 1 mM MgCI 2 (buffer A). After washing with buffer A, the adsorbed GPIIb/IIla 
was eluted with buffer A containing 2 mM GRGDSPK peptide. 

[0077] The GRGDSPK-Sepharose was prepared by coupling of GRGDSPK peptide with CNBr-activated Sepharose 
4B (manufactured by Pharmacia) according to the instruction manual of the manufacturer. 

[0078] Next, a human platelet GPIIb/IIla solid phase receptor binding test was carried out according to a method 
established by Mori et al. (Nippon Kessen Shiketsu Gakkaishi, 2(4), 323-329 (1991)) 

[0079] Purified human platelet GPIIb/IIla was adjusted to 2 ug/ml, and an 50 ul aliquot was adsorbed on each well of 
a 96 well microliter plate at 4°C overnight. After washing with TBS containing 1 mM CaCI 2 and 1 mM MgCI 2 100 ul of 
1% bovine serum albumin was added to each of the wells, followed by blocking at 4°C overnight. The microliter plate 
was then washed with TBS containing 0.01% Tween 20 (TBS-Tween 20), and 50 ul of biotinylated fibrinogen which had 
been adjusted to 1 ug/ml, was added to each of the wells. Simultaneously, 50 ul of the test compound, which had been 
adjusted to appropnate concentrations, was added thereto, followed by a reaction at room temperature for 4 hr After 
washing with TBS-Tween 20, 50 ul of peroxidase-labelled avidin, which had been diluted 4000 times with TBS was 
added to each of the wells, followed by a reaction for 20 min. After washing with TBS-Tween 20, 50 uJ of a solution of 1 
mg/ml ABTS (2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) dissolved in a peroxidase substrate buffer, which had 
been diluted 10 times, was added to each of the wells, and a reaction was allowed to proceed for 5 min Next 50 ul of 
a 0.1 M citric acid buffer (pH 4.3) containing 0.05% NaN 3 was added to each of the wells to terminate the reaction and 
the absorbance was measured at 41 5 nm. 

[0080] The binding inhibition was calculated by the following equation. 

[0081] Binding inhibition (%) = [1 - (absorbance with test compound/absorbance without test compound)] x 100 
[0082] The inhibitory activity of the compounds of the present invention against binding between platelet GPIIb/IIla 
and fibrinogen was as follows. 
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Compound No. of Ex. 


IC50 (MM) 


1 


0.27 


2 


0.27 


3 


0.0014 


4 


0.0048 


5 


0.01 


6 


0.012 


7 


0.023 


8 


0.19 



Test 3 

20 Inhibitory activity against thromboxane Ao (TXAo) synthetase 

[0083] The inhibitory activity of the compound of the present invention against TXA 2 synthetase was assayed accord- 
ing to a method established by Ri et al. (Nihon Yakuri Gakkaishi, 106, 31 (1995)). A specimen solution (10 uJ) was 
added to 100 uJ of a 50 mM Tris-HCi buffer (containing 0.1 M NaCI, pH 7.5, 25°C) containing 10 ug of human TXA 2 syn- 

25 thetase (BIOMOL), and incubation was then carried out at 25°C for 3 min. Next, 2 ul of 50 ug/ml PGH 2 solution (Cay- 
man Chemical) was added thereto to initiate an enzyme reaction, followed by the reaction at 25°C for 3 min. An 
aqueous ferrous chloride solution (25 mM, 10 pJ) was added thereto to terminate the reaction. The reaction system was 
allowed to stand at room temperature for 15 min and then centrifuged under conditions of 4°C, 3000 x g, and 10 min. 
The supernatant was obtained as a sample for quantitative determination of TXB2. The amount of TXB2 was deter- 

30 mined by means of Thromboxane B2 Enzyme Immunoassay Kit (Cayman Chemical). After a color reaction, the absorb- 
ance was measured at 415 nm with a microplate reader (MTP-32, manufactured by Corona Electric Co., Ltd.). The 
inhibition against TXA 2 synthetase activity was calculated by the following equation, and 50% inhibition concentration 
was determined by regression straight line. 

35 Inhibition (%) = (1 - B/A) x 1 00 

wherein 

A represents the amount of TXB2 produced without the test compound; and 
40 B represents the amount of TXB2 produced with the test compound. 

[0084] The inhibitory activity of the compounds of the present invention against TXA 2 synthetase was as follows. 
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Compound No. of Ex. 


IC50O-1M) 


' 1 


0.36 


2 


>10 


3 


0.55 
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0.87 


5 


0.16 
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0.57 


7 


>10 


8 


0.69 
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Claims 

1. An imidazole or pyridine derivative represented by the following formula (I) or a pharmacologically acceptable salt 
and a solvate thereof: 

A-B-CH 2 -D-Y~^V 



(I) 



is wherein 

A represents the following formula (II), (III), or (IV): 
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G-H 



L 



R3 



K 

(II) 



d") (1V) 



wherein 



R 1 and R 2 , which may be the same or different, represents 
a hydrogen atom or 

lower alkyl in which one or more hydrogen atoms are optionally substituted by a hydroxy! group a haJoqen 
atom, amino, or lower alkylamino; 
R 3 represents 
a hydrogen atom, 

lower alkyl in which one or more hydrogen atoms are optionally substituted by a hydroxyl group, a halogen 
atom, amino, carboxyl, lower alkoxy, lower alkylamino, or lower alkoxycarbonyl, 

phenyl in which one or more hydrogen atoms are optionally substituted by a'hydroxyl group a halogen 
atom, amino, carboxyl, lower alkoxy. lower alkylamino, lower alkoxycarbonyl, or halo lower alkyl or 
phenyl lower alkyl in which one or more hydrogen atoms are optionally substituted by a hydroxyl group a 
halogen atom, ammo, carboxyl, lower alkoxy, lower alkylamino, lower alkoxycarbonyl, or halo lower alkyl 
R* represents amidino or aminomethyl, 

G, H, I, and J, which may be the same or different, represent -CR 5 =, -CR 5 R 6 -, -N= -NR 5 - -O- -S- -(CO)- 
, or a bond wherein R 5 and R 6 , which may be the same or different, represent a hydrogen atom or lower 
alkyl, and 

K and L represent H 2 or an oxygen atom; 

B represents -COCHR 7 -, -CONR 7 - wherein R 7 represents a hydrogen atom or lower alkyl, or a bond 

re P[f sents <°°y . -CHOH-, or -CHY- wherein Y represents pyridyloxy, pyridyl, pyridyl lower alkyl, imidazolyl 
or imidazolyl lower alkyl; 3 ' 

E represents a hydrogen atom (provided that E does not represent a hydrogen atom when D represents -(CO)- 
55 ) or -CH 2 Y wherein Y is as defined above; " 

F represents group -Z-fCHgJqCOOR 8 or -CH=CR 9 COOR 8 wherein 

Z represents -O- or a bond, 
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R 8 represents a hydrogen atom, lower alkyl, or an ester residue removable under physiological conditions, 
R 9 represents a hydrogen atom or lower alkyl, and 
q is an integer of 1 to 4; and 

p is 1 or 2. 

2. The compound according to claim 1 , wherein A represents the formula (II). 

3. The compound according to claim 2, wherein A represents the formula (II) wherein any one of G and J represents 
-NR 5 -, -0-, or -S- with the other representing a bond and both H and I represent -CR 5 =. 

4. The compound according to claim 1 , wherein A represents the formula (III). 

5. The compound according to claim 4, wherein A represents the formula (III) wherein any one of or both K and L rep- 
resent an oxygen atom. 

6. The compound according to claim 1 , wherein A represents the formula (IV). 

7. The compound according to claim 1 , wherein D represents -CHY- wherein Y represents 1 -imidazolyl. 

8. The compound according to claim 1 , wherein D represents -CHY- wherein Y represents 3-pyridyl. 

9. The compound according to claim 1 , wherein D represents -CHY- wherein Y represents 3-pyridyloxy. 

1 0. The compound according to claim 1 , wherein E represents -CH 2 Y wherein Y represents 1 -imidazolyl. 

1 1 . The compound according to claim 1 , wherein A represents the formula (II) and B represents -CONR 7 -. 

12. The compound according to claim 1 1 , wherein R 7 represents a hydrogen atom or methyl. 

13. The compound according to claim 1 1 or 12, wherein D represents -(CO)- or -CHY-. 

14. The compound according to claim 13, wherein Y represents pyridyloxy, pyridyl, pyridylmethyl, or imidazolyl. 

15. The compound according to claim 1 , wherein A represents the formula (III) and B represents a bond. 

16. The compound according to claim 15, wherein D represents -(CO)- or -CHY-. 

17. The compound according to claim 1 , which is selected from 

[2-(imidazo!-1-yl)methyM-[[[4,5,6,7-tetrar^ 
acid, 

2-(pyridin-3-yl)oxymetrryl-4-[[[4,5,67-tetrahydrothieno[3 1 2-c]pyrdir>2- yl]carbonylamino]acetyl]phenyloxyace- 
tic acid, 

[[4-[2-p,5,6,7-tetrahydrothieno[3,2-c]rjy^ 
nylene]dioxy]diacetic acid, 

Q4-[2-[[(4 l 5,6,7-tetrahydrothieno[3,2-c]pyridin-2-yl)carbonyl]-N-methylamino]-1-[(pyri^ yl)oxy]ethyi]-o-phe- 

nylene]dioxy]diacetic acid, 

[4-[2-[[(4,5,67-tetrahydr^ 

acid, 

[2-(1 -imidazolylmethyl)-4-[I4-(piperidin-4-yl)-2-oxopiperazin-1 -yQacetyl]phenyl]oxyacetic acid, 
[4-[[4-(piperidin^-yl)-2-oxopiperazin-1-yQacetyO-2-(3-pyridyloxymethyl)phenyl]oxyacetic acid, 
[2-(1 -imidazolylmethyO^-^-tpiperidin^-yl)^, 6-dioxopiperazin- 1 -yl]acety1]phenyl]oxyacetic acid, 
ethyl [4-[1-(pyridin-3-y1)oxy-2-[[(4,5,6,7-tetrah 
etate, 

[4-[2-[[(4,5.6,7-tetrariydrothieno[3,2-c] acid, 
[4-[2-[[(4,5,6,7-tetrahydrothieno[3 l 2-c]pyridin-2-yl)carbonyl)-N-methylamino)-1-(pyridin-3-yl)ox^^ 
nyQoxyacetic acid, 
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MHpyri^ 



[4-[Himida2ol-1-y1)-2.[4-(piperidin-4-yO-2K)xopipera2irv1-yOethyGphenyOoxyacetic 



acid. 



18. A phar mac eutical composition comprising an effective amount of the compound according to any one of claims 1 
to 1 7 or a pharmacologic^ acceptable saK or solvate thereof and a fiZLooJSE^ l^er 

W 1 9 ' Sea^s maCeUtiCal C ° nPOSiti0n aCCOrdi " 9 10 C,3im 1 8 ' " W * iS used as 1,16 treatmerrt • Portion of thrombotic 
20. Use of the compound according to any one of claims! to17for the treatment or prevention of thrombotic diseases. 

15 a^f^hr^isSr 9 ,0 ^ - ^ 1 10 1 7 ^ Pr0dUCfo " 01 3 the ^ c • ""I-** 
22. A method for treating or preventing thrombotic diseases, comprising the step of administering an effective amount 
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